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which is likewise of steel, and which carriesa ringunderneath. | The ball shell is a cast iron projectile of the same form as 
| The breech mechanism and the obturator are, with the ex-|the other, and differs from it externally only in being 
ception of a few details, a reproduction on a large scale of | shorter, and internally in its larger capacity. Its charge 
Durie the course of a war, an army that is obliged to | the same parts in the 90 mm, field gun. consists of 450 grammes of powder and 270 balls 16°7 mm. 





BANGE’S ARTILLERY SYSTEM.* 
Il.—SIEGE AND FORTRESS GUNS. 


lav siege to a fortress has need for such purpose of more| At present the 155 mm. cannon throws two kinds of pro- | in diameter and weighing 26 grammes. These balls, after 
artillery materiel than it carries along with it in the field. | jectiles—the ordinary and the ball shell. The former of | being introduced, are surrounded with melted sulphur. 


The time that it takes to get such materiel together, and the | these is a cylindro-ogivoid projectile 0°465 m. (about 1814 


Thus charged, and primed with a double-acting siege fuse, 


expense and trouble that result therefrom, cause the attack-| inches) in length. Charged, and primed with a siege per- | the ball shell weighs about 41 kilos, 
The maximum charge, which, as above stated, is 8°75 


Operations of this kind, which are always very difficult, | kilos. The weight of the interior charge is 1°7 kilos of | kilos, is inclosed in an amiantine cloth bag. Besides this, 


ing of fortresses to be avoided as far as possible. 


and the consequences of which are often grave, are only! common powder. 


undertaken when their absolute 
urgency and necessity are re- 
cognized 

The fighting and reducing to 
silence of the powerful artil- 
lery of the besieged place, 
comprising as a general thing 
pieces of the largest caliber, the 
rendering of the trre-pleine of 
the fortification untenable and 
the destroying of the places of 
shelter established thereon, the 
ruining of all the defenses of 
the place, and the opening from 
a distance (if possible to do so) 
the ramparts to the besieging 
army by destroying the escarps 
and overturning the ramparts 
into the ditch, so as to form 
slopes practicable to the assault- 
ing columns—such is theoreti- 
cally the role of siege artillery, 
which, for that reason, must be 
possessed of great power. 

The condition of mobility, so 
necessary in field artillery, is 
here of less consequence. The 
long operations connected with 
a siege require the army to have 
a railway at its disposal in its 
rear, and it follows from this 
that the difficulty of transporting 
large calibers is partially over- 
come. It will suffice if the 
materiel can be carried without 
much trouble from the railway 
station where it is unloaded to 
the works established by the 
attacking party. It would be 
right, then, to exclude from the 
siege materiel only pieces of a 
really exceptional weight. 

In the month of Angust, 1874, 
the —— committee submit- 
ted to the Minister of War, for 
his approval, a project for the 
creation of a new siege materiel 
comprising rifled cannons of 120, 
155, and 220 mm. caliber, and 
rifled mortars of calibers of 220 
and 270 mm. All the guns were 
to be made of French steel and 
to be breech loaders. After some 
conclusive experiments, the min- 
ister adopted, in 1877, the cannon 
of 155 mm. (Bange system), in 
1880 the cannon of 120, and in 
188) the rifled mortar of 220 mm. 
of the same system. 

The 155 mm. (6 inch) Bange 
gun is of steel, rifled to the right 
(48 progressive grooves), and 
loads at the breech. This piece, 
weighing 2,500 kilogrammes 
(5,500 Ib.), throws, with a charge 
of 8°75 kilos (194 Ib.) of powder, 
a projectile weighing 40 kilos 
(88 Ib.). The initial velocity 
that corresponds to such charge 
is 464 meters (1,522 feet), and the 
maximum range of the projec- 
tile, at an angle of 28° is exactly 
91 kilometers (5 6 miles). 

The 155 mm. (6 inch) cannon 
consists of two principal parts, 
viz., the body and the breech 
mechanism. The former con- 
sists of a cast steel tube, ham- 
mered, bored, and tempered in 
oil, and of two thicknesses of 
hoops for strengthening the back 
part. These hoops, which are 
of puddiled steel, are made by 
rolling, and are tempered. Those 
of the first row, ten in number, 
are placed upon tbe tube, which 
has been turned to a diameter of 
030mm. This first row is cov- 
ered at its hind part, which is 
turned to a diameter of 0°37 m., 
with a second row of six hoops. 
Upon tbat part of the re-enforce 
which is formed by the fourth 
hoop from the edge of the breeeh 
there is a gong a seventeenth 
hoop called the leveling hoop, 

* Continued from SUPPLEMENT, N@ 
426, p. 6791. 





cussion fuse (model of 1878), it weighs, as before stated, 40 | 











E SIEGE GUN OF 155 MM, CALIBER. 














Fie. 3.—BANGE RIFLED MORTAR OF 270 MM. CALIBER 





i smaller charges of 7, 6, and 5 kilogrammes are employed. 


The 120 mm. (4° inch) can- 
non is a steel piece rifled to 
the right (36 progressive grooves) 
that loads at the breech. It 
weighs 1,200 kilos (2,640 Ib.), 
and, with a normal charge of 4°5 
kilos (10 Ib.) of powder, throws 
a projectile weighing 17°8 kilos 
(89 Ib). The initial velocity 
corresponding to this charge is 
480 meters (1,574 feet), a the 
maximum range of the projec- 
tile is 9°2 kilometers (5°7 miles), 

The body of this cannon is 
formed of a steel tube, ham- 
mered, bored, and tempered in 
oil, and of seventeen hoops that 
re-enforce its entire length and 
gradually diminish in thickness 
toward the muzzle. As in the 
preceding gun, these hoops are 
of puddied, tempered steel. The 
breech mechanism and the ob- 
turator are the same as before. 
The projectiles thus far adopted 
are the ordinary shell and the 
canister, Eventually, it is likely 
that a ball shell wil be put in 
service. 

The ordinary shell is of the 
same shape as the preceding, and 
18 0°35 m. in length. The cylin- 
drical part is united to the ogive 
by a bulge, which, in the rough- 
cast shell, is 0:121 m, in diame- 
ter. Eventually, a portion of 
this projection is removed in the 
lathe and converted into a cylin- 
drical surface of a diameter of 
between 1189 mm. and 1193 
mm, It is through this turned 

art, 832 mm. in length, that the 
ront of the projectile rests 
against the unrifled parts of the 
gun. All charged, and primed 
with its fuse, the ordinary shell 
weighs 17°8 kilos. The weight 
of its charge is 800 grammes of 
common powder. 

The canister shot is a cylinder 
of laminated zinc, 2°5 mm. in 
thickness, closed at one extremi- 
ty by a cavt zinc bottom 25 mm. 
in thickness, and at the other 
by a cover of cast zinc only 15 
mm. in thickness. Upon the 
bottom there is placed a wooden 
disk covered with a disk of iron 
= provided with lugs. This 

9x contains 282 hard lead balls 
(composed of nine-tenths lead 
and one-tenth antimony) 20 mm. 
in diameter and weighing 44 
grammes. The normal charge 
of powder (4°5 kilos) is inclosed 
in an amiantine cloth bag. Be. 
sides this, a smaller charge of 4 
kilogrammes is employed. 

The 220 mm. (8°6 inch) mortar 
of the Bange type is a steel piece 
rifled to the right (60 progressive 

rooves) that loads at the breech. 

t weighs 2,000 kilos (4,400 Ib. 
and, with a maximum charge o 
6 kilos (13 1b.) of powder, throws 
a projectile weighing 100 kilos 
(220 Ib.), including an internal 
charge of 8 kilos (174¢ Ib.) of 
powder. The initial velocity is 
then 250 meters (820 feet), and 
the maximum range (cor d- 
ing to an angle of 39°) is 7 kilo- 
meters (4°34 miles). cing spe- 
cially designed for firing at large 
angles, this gun is mounted upon 
a special carriage, which is 
wholly of metal, and which has 
no analogy with the carriages of 
the 155 and 120 mm. guns. 

In field artillery the vehicle 
formed by uniting the gun car- 
riage with a fore-carriage is so 
oomnant as to carry all the ac- 
cessories necessary for use about 
the gun. In siege artillery the 
gun is more powerful and conse- 
quently heavier. It must he 
mounted on a battery at a sile 
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that bas been selected and arranged in advance, so the acces- | BE as before, and that of M the arc MZ; all which arcs 
sories that are necessary for it are independent of its car-| have the same center D, and subtend the same angle BDE. 


riage, and the latter is provided with neither a fore-carriage 
nor an ammunition chest. Such accessories, then, as tools 
and fittings occupy a place apart in siege batteries, and the 
same is the case with the ammunition and projectiles, which 
are prepared under cover in the vicinity of the guns. Some 
of these tools and equipments may remain exposed to the 
open air, Such are the leveling instruments, the maneu- 
vering levers, the swabs, the muzzle cover, sight cover, etc. 
Other apparatus require to be kept under cover at all times, 
and for this reason are stored away in cases arranged for 
the purpose.—La Nature. 


-PLANETARY WHEEL-TRAINS. 
By Prof. C. W. MacCorp, Sc.D. 
I. 


Tue action of those curious combinations of wheels 
known as epicyclic or planetary trains, has heen discussed 
at considerable length by various writers; yet there seem to 
be unnecessary, not to say confusing, complications in the 
investigations, in the respect that the same formule do not 
apply in all cases to trains composed of different kinds of 
wheels: and again, certain distinguishing features of differ- 
ent kinds of trains have not been, we think, as clearly de- 
fined or strongly emphasized as they should be. 

Now, if a certain formula or equation expresses the action 
of a given Loney wy Bago of spur wheels, there certainly 
does not appear to be, upon the face of ii, auy reason why 
the same equation should not apply equally well to a similar 
train made up of bevel or of screw wheels. And witb a 
proper understanding of terms, we shall try to show that it 
will: but as a preliminary step it may be well to explain 
how it is that, in some cases at least, a difference has come 
about. 

This difference grows out of certain possibilities in the 
composition and resolution of motions of rotation and trans- 
lation, which have also a bearing, as will presently appear, 
on other mechanical qnestions than the one immediately 
under discussion: and ia order te avoid any misunderstand- 
ing, we shall begin at the very foundation, by defining a few 
terms which must be frequently employed. 

1. A point is said to revolve about a right line as an axis, 
when it describes a circle of which the plane is perpendicu- 
lar to, and the center lies in, that line. 

2. Any geometrical magnitude is said to revolve about 
a right line as an axis, when all its points revolve about that 
line as above defined with the sume angular velocity, und 
therefore without change of their relative position. 

8. Any geometrical magnitude is said to have a motion of 
translation when all its points describe similar and equal 
paths: if these paths be circles, the motion is called one of 
circular translation. 

4. Distinction between Revolution and Rotation. 

If the axis pass through the center of a revolving body, as 
in the case of a circular wheel, the term rotation may be 
used as synonymous with revolution. But a wheel thus 
turniog about its own axis of symmetry may also travel in 
an orbit about another axis in the same or a different plane: 
in which case, to avoid confusion, we shall designate the 
former motion a rotation, and the latter a revolution; just as 
we say that the earth rotates upon iis axis while it revolves 
around the sun. 

5. Composition of Rotation and Translation. 

These circular motions may be compounded and resolved, 
in a manner very similar to that in which the like operations 
are performed with rectilinear motions. 

Thus in Fig. 1, let the disk LVM be pivoted at its center 
B to the rigid bar IAB; and let this bar in its turn be joint- 
ed at I and at A to the two cranks 1H, AC, which can move 
only by revolving about the fixed axes HC. Then the bar 
IB has a motion of circular translation, like the pa- 
rallel rod of a locomotive, and can impart to the disk 
no other motion. Let the cranks turn through an angle 
ACK: then the center B will bave gone to E, in a circular 
path whose center is D, situated with respect to B just as C 
is with respect to A, or H with respect to 1, and the angle 
BDE will be equal to ACK. Similarly, the points L, X, M 
will bave gone to N, Y, and O, respectively, the path of each 
being a circular arc equal to BE, and of the same radius: 
aod the arrow LM will retain its vertical position, or in 
other words maintain its parallelism to itself and to its ori- 
ginal direction, throughout the action. 

Next let us suppose that the disk is first turned about its 
center B, through an angle LBV equal to ACK, and after- 
ward moved by translation as before. The arrow will in 
this case remain parallel to the direction UV, and when B 
reaches E, will have the position ZW. The result is the same 
as though the arrow had, as originally supposed, been 
moved by translation from the position LBM to the position 
NEO, and su uently rotated about E through the angle 
NEW, equal to LBV, ACK, and BDE. 





In other words, the resultant of the assigned motions of 
rotation and circular translation is a motion of revolution 
about the fixed axis D. 

Conversely, the revolution about the fixed axis D, repre- 
sented in Fig. 2, may be resolved into the components of ro- 
| tation and translation represented in Fig. 1; but it may also 

be resolved into other components, as illustrated in Fig. 3. 
| Here the center D is situated in reference to B exactly as in 
|the preceding diagrams, but the disk by means of a rigid 
arm, or extension, is pivoted to a bar FA'T’, not at its center 
B, but at a different point F.. The fixed axes C’ H’ are 
situated in reference to A’ and I’ respectively just as D is 


Fra. 4. 



































in reference to F. Suppose the cranks I'H’, A'C’, to revolve 
in a horizontal plane, and the pivot at F to be frictionless; 


| then, as in Fig. 1, the action of this arrangement will be to 


give the disk a motion of circular translation, the point F 
going to G, and the arrow LBM to the position NB’O, re- 
maining always vertical. Let the angle FDG be equal to the 
angle BDE of Fig. 2; and after this translation let the disk 
rotate about the the axis G in the same direction, through 
an angle B'GE equal to FDG. The result is, that the 
final ‘pian of the arrow, WEZ, will be the same as in 


Fig. 2. 

Tne position of F, it is apparent, is entirely arbitrary ; and, 
observing that all the «axes, fixed or moving, are perpendi- 
cular to the planes of rotation, we perceive that a motion of 














a geometrical magnitude may rotate about an axis which has 
any motion whatever in relation to another fixed axis; 
but the resultant will not be a revolution about the latter, in 
~ other case than the one above discussed. 

inally, the motion of circular translation, also, may be 
resolved into components. If in Fig. 2 the disk be pivoted 
to the crank at its center B, then the only motion which the 
crank can give the disk is one of revolution about D, the 
arrow going from position LM to position WZ. But if mean- 
time the disk be caused to rotate about the pivot B, witb the 
same angular velocity but in the opposite direction, the re- 
sultant will be a motion of circular translation, the arrow 
remaining constantly vertical and taking the final position 
NO, Neither the revolution nor the translation, then, can 


Fre. 2. 





be regarded as a simple motion essentially—either one may, 
like a rectilinear motion, be resolved irto other component 
motions, and be regarded as their resultant. 

These principles being understood, we may now proceed 
to consider their application in the analysis and explanation 
of mechanical combinations, and more particularly in respect 
to the action of planetary trains. 

The most elementary form of such a train is shown in 
Fig. 4; the crank, or train-arm, in which the wheel B has 
its bearings, turning above the fixed axis C of the wheel 
A: and for simplicity’s sake let these wheels be of equal 
size. 

Before considering the planetary action let us for the 
moment suppose the train-arm to be stationary, and the 
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Now, these two motions, instead of taking place succes- 
sively, may take place simultaneously; we may imagine the 
disk to turn about B, while the crank AC turns about C, in 
the same direction and with the same angular velocity. The 
arrow will no longer remain parallel to itself; but bein 
drawn — to AC originally, it will always be so. a 
when B reaches E, will as before have the tion ZW. 

By comparing ‘his diagram with Fig. 2, it will be at once 
seen that the same result would follow, were the disk rigidly 
fixed to the crank BD shown in the latter figure, which is 
4 of moving ony by revolving about the fixed axis 

: the actual path of L being the are LW, that of B the arc 
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revolution about a fixed axis may be resolved into two 
components, one of which is a rotation about any axis pa- 
rallel to the fixed one, and the other a circular translation in 
the same direction and of the same angular velocity, in which 
the radii of the circular paths are equal to the distance be- 
tween the axes, It should also be noted that because the 
traveling axis about which the rotation takes place is pa- 
rallel to the fixed one, its motion about the latter is the same, 
whether it be called revolution or translation, these two be- 
ing in this case identical. And again, it is to be observed, 
that this resolution and composition oe only when the 
fined and the moving axis are absolutely parallel. Of course, 








Fie. 7. 


wheel A to make one rotation about C to the left, as shown 
by the arrow Z. It is then evident that B will in the same 
time make one rotation about D to the right, as shown by 
the arrow V. Each wheel, then, bas made one rotation 
about its own axis, has turned once in its own bearings, and 
once relatively to the crank. 

Next, let the wheel A be fixed to the frame F, while the 
crank makes one revolution about C to the right, as shown 
by the arrow V’. How many rotations about its own axis 
does the wheel B make during this orbital motion? Simple 
and even trivia) as this question may appear, it bas at 
various times pro almost acrimonious Decunion ; and 
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at any rate, it is upon the answer to it that the further pro- 
secution of our investigation depends. And again, since 
the answer which we deem the proper one is at variance with 
that sanctioned by authorities not lightly to be disputed, we 
deem it obligatory to quote their views thereupon. 

First, however, it may be observed tbat there is no ques- 
tion or difference of opinion in respect to certain physical 
facts. It is evident that since either of two bodies may be 
considered at rest with respect to the other, the revolution 
of the crank about C is equivalent, so far as the wheel A is 
concerned, to the origival rotation of that wheel in the op- 
posite direction: and that since the two wheels engage tooth 
for tooth as before, the wheel B turns once in its bearings, 
or relatively to the train-arm. 

But Prof. Goodeve says (Hlements of Mechanism, p. 158) 





sists in a translation of its center, and of each point in its 
axis, in a circular path described about the axis of the shaft, 
combined with a rotation about its own moving axis, similar 
and equal to that of the shaft.” 

That is to say, the crank-pin turns once about its axis 
during every revolution of the engine; and thus the author- 
ity of Prof. Rankine is added to that of Prof. Goodeve in 
support of the view that the wheel B makes two rotations 
about its axis during each revolution in its orbit. To assert 
that it actually does so, then, is to assert that the revolution 
of the crank-pin about the fixed axis of the main shaft must 
be resolved as above set forth by Prof. Rankine, and previ- 
ously illustrated in Fig. 2. 

In relation to which we offer the following considerations: 

1, This dictum seems to imply that the motion of circular 





has not received the pragmatic sanction of the engine itself. 
Did the crank pin receive a motion of translation from ove 
source, and one of rotation about its axis of symmetry from 
another, the resultant would be the same as the motion which 
it actually has. But this is conspicuously not the case; and 
we protest aguinst the statement that the crank pin ** is th: 
subject of two distinct motions,” as being contrary to the ex- 
isting status rerum, and as tending to convey an incorrect 
idea of what really occurs. 

To us it seems perfectly clear that in describing the opera- 
tion of any mechanical device, we are bound to state what 
is, and not what might be; just as much as we are in de- 
scribing its construction. it this be so, it is not proper to 
say that any given piece is the subject of two distinct mo- 





tions, unless the mechanism be so constructed that those two 
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** this is - a part of its movement; the wheel B has also | 
been carried round in a circle about A by reason of its con- 


on that account.” (The italics are ours.) Then, supposing A | 
to be removed altogether and B to be locked to the arm, he | 
says further: 

‘* As the arm goes round, a person inspecting the appa- 
ratus from a little distance will see the wheel B turning on 
its axis, and if he watches a mark upon the rim, be can en- 
tertain no doubt about this fact. The truth is that, al- 
though the wheel B does not move relatively to the arm, it 
is nevertheless the subject of two distinct motions, whereof 
one consists in a revolution about an axis passing through 
its center, and the other is a motion of transiation, as it is 
called, whereby the center of the wheel describes a circle 
whose radius is the distance between the centers of A and 
Ey, in, the wheel B were looked at from the center 
about which the arm revolves, no motion of rotation could 
be recognized. The very same thing happens in the case of 
the moon. Astronomers tell us that . . . the moon turns 
once upon its axis during the period of a single revolution 
in its orbit round the earth: or in other words, that it moves 
as if it were fixed to a solid bar stretching from the earth to 
the moon.” 

According to Prof. Goodeve, then, the planet-wheel B 
makes two rotations about its own axis during the revolu- 
tion of the train-arm: and he subsequently constructs a 
formula for the action of planetary trains upon that basis. 





‘ 


B 
1 











We have already 
seen that it is not, but may itself be regarded as the result- 
nection with the arm, and has turned upon its axis once more | ant of a revolution and a rotation. And though no motion | train of clockwork carried by the bar to which the disk is 


translatiun is essentially a simple one. 


can be called simple, in the sense that it cannot be resolved, 


it may be remarked that if any motion in mechanism is | 


worthy of being called simple, by reason of the ease with 
which it can be produced and continuously maintained, the 
motion of revolution about a fixed axis is entitled to that 
distinction. 

2. The revolution mentioned can be resolved into a rota- 
tion about any axis parallel to the fixed one, combined with 
a corresponding circular translation. To insist, then, upon 
the particular resolutidn designated above is to make with 
no apparent reason a preferred creditor of the axis passing 
through the center of the crank-pin, leaving unsatisfied other 
equally just and pressing claims to the number of infinity 
minus one. 

3. The shaft may be enlarged until it swallows up and 
surrounds the crank-pin. This leads to the conclusion that 
any circle, as for instance a wafer, on the end of the shaft, 
must be considered ‘‘ the subject of two distinct motions” 
as expressed by Prof. Goodeve; which seems inconsistent 
with the statement that ‘‘the motion of the shaft consists 
wr | in a rotation about its own axis.” 

4. The astronomical illustration of Prof. Goodeve is not a 
correct one, inasmuch as it disregards the moon’s libration 
in latitude. The explanation of the astronomers, that the 
moon makes one rotation ov its axis while revolving once 
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Now, the supposition last made (that the wheel A is re- 
moved and B locked to the arm) reduces the system to the 
form shown in Fig. 2, if we suppose the disk B to be fasten- 
ed to the crank; aud this is exactly the state of the crank-pin 
of a steam engine: in reference te Which we quote from 
Prof. Rankine (Machinery and Mill Werk, p 27): 
“Consider, for example, that piece in a steam 
engine which consists of the shaft, erank, and crank-pin, 
and which turns about the axis of ‘as a fixed axis 
of rotation, to which the axis of the n is parallel. 
Then the motion of the shaft consis in a rotation 
about its own axis; while th nk-pio con- 
































motions are imparted to it 


independent means. To illus- 
trate: if we imagine that in 


ig. 1, the disk B is driven bya 


| pivoted in the same direction and at the same rate as the two 
cranks; then if we stop the clock, the disk has a motion of 
translation only, if we stop the cranks it will bave the mo- 
tion of rotation only, but if both clock and cranks operate 
simultaneously, the resultant is a motion of revolution about 
D. Under these circumstances, it appears to us that the ac- 
tion of the arrangement can be correctly described by stating 
that the disk receives two distinct motions, and not in any 
other way. - 

In the above illustration, the clockwork was supposed to 
be driven by a spring, and to be in no way connected with 
the cranks. But we do not conceive such absolute independ- 
ence to be essential. Suppose B to be provided with teeth, in 
sbort to be a spur wheel; let another of the same size, repre- 
sented by the dotted circle P, be rigidly fixed to the crank AC, 
concentric with the crank pin A; and let Q be an idle wheel 
engaging with both and turning freely on a stud fixed in the 
bar LAB. 

The rotation of the disk is now so far independent of the 
circular translation, that if P or Q be removed it will cease, 
and the latter motion alone will remain; and we should still 
consider these two motions as distinct, inasmuch as one of 
them requires the presence of parts whose removal does not 









destroy vor in any way affect the other. 
Now, it is very certuin that neither of these contrivances is 
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in its orbit, is correct, of course; and it is the only admis- 
sible one, since the moon’s axis has a true motion of trans- 
lation, remaining constantly parallel to itself: but that axis 
is not perpendicular to the plane of its orbit, and in conse- 
quence this translation is not a revolution about any other 
line, and our satellite does not move ‘‘as if it were fixed toa 
solid bar stretching from the earth to the moon.” 

5. Once more referring to the crank pin, we would remark 
that as a physical fact it receives but a single motion, which 
is determined and controlled entirely by the bearings of the 
main sbaft; and that the resolution of this motion into its 





components, an imaginary aod purely arbitrary proceeding, 
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identical with a simple disk fastened to a single crank, as 
shown in Fig. 2; the resultant motion of the disk is the same 
in all three, but in the latter arrangement, neither of the 
component motions can be produced independently of the 
0 


ther. 

The above will suffice to show, we think, that the consider- 
ations relating to tbe resolution of motion, mentioned at 
outset, have a bearing upon the question of what ; 
tutes accuracy in describing the ac of mechanical com- 
binations; we shall now try to prove that also have a 
bearing u o the pature of mechanical equi in differ- 
ent combinations, at least of certain kinds, 











5, 6, and 7, and for simplicity’s sake let all the diameters be 
equal, First, let us imagine the axes to be fixed; then in 
respect to velocity ratio, these are manifestly equivalent 
combinations—in any one of them, a rotation of the wheel A 
about its axis will produce one rotation of the wheel Babout 
iis axis. 

Now, we confess our inability to see any reason why these 
trains are any the less equivalent, when transformed into pla- 
netary ones, by supposing A to be fixed and B to revolve | 
around the vertical axis. ‘The bald absurdity of asserting that 
the planet-wheel in Fig. 7, while circumnavigating the fixed 
central wheel, in any physical or mechanical sense, actually 
does or accomplishes anything more than it does iu Fig. 5| 
or Fig. 6, is too apparent to require discussion. Now, there | 
is ro question or dispute as to the fact that in Fig. 5 the 
wheel B makes one rotation about its axis while revolving 
once; and it is equaily obvious that the same is true of Fig. 
6. Considering then that in the latter case the angle be- 
tween the two axes may be mude as small as we please, | 
there is certainly an inconsistency in explaining the action | 
of Fig. 7 by saying that B makes fo rotations during the 
revolution. 

This explanation, as previously shown, is reached by re- 
solving the orbital motion iv a manner which is possible only | 
in this limiting case of exact parallelism between the fixed 
and moving axes; and it appears to us illogical to deduce a 
formula for the action of epicyclic trains in general, from | 
the consideration of a special form; more especially since | 
the analysis is founded upon an arbitrary and imaginary reso 
lution of one of the motions considered, which might be also 
resolved into many other components than tbe particular 
ones insisted upon. 

Besides, such a formula, as will subsequently be more 
fully shown, must in some cases be modified in order to} 
make it applicable to trains which, although equivalent in 
respect to velocity ratio, may be composed of different kinds | 
of wheels—a confusing and useless complication. 

We have thus far referred to axes in the same plane, either 
narallel or intersecting, the wheels being spur or bevel 
wheels accordingly. But this is not essential; thus in Fig 
8 are shown two equal screw wheels, each axis lying ina 
plane perpendicular to the other. In respect to velocity ra- 
tio, then, this train, supposing the train arm to be fixed, is 
equivalent to either of the three preceding ones, And it A 
be stationary while the arm revolves, there can be no question 
as to the rotatory velocity of B- nor would the case be altered 
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by changing the relative angular position of the axes, nor by 
substituting skew wheels for the pair here shown; the planet 
whee! in either case rotates once, neither more nor less, 
about its own axis during each revolution about the fixed 
sun wheel. 

For the purposes of our own investigations of the combi 
nations in question, then, we shall regard a wheel as rotating 
about its own axis when it turns in its bearings, whether the 
bearings be fixed or movable; so that, as wiil be clear from 
the illustrations above given, a sun wheel rotates if it turns 
relatively to the fixed frame of the machine, a planet wheel 
if it turns relatively to the moving train arm; all which is 
substantially comprehended in the heterodox asseveration 
that a wheel of any kind whatsoever makes one rotation 
about its own axis while rolling once around the circumfer- 
ence of another having the same number of teeth. 

If in either Fig. 4 or Fig. 8 we lock the wheel B to the 
train arm, and turn the latter to the right as shown by the 
arrow c', it is clear that A must be free, and that it will ro 
tate as though fixed to the arm, as in effect it would be in 
that case by the engagement with B. If now we unlock the 
latter wheel, we can by extraneous means cause it to turn 
relatively to the arm, that is, to turn in its bearings, in either 
direction, just as well as when T was at rest. If we thus 
turn B one way, it will increase the velocity which A has in 
common with the train arm; if we turn it the other way, it 
will diminish that velocity. Thus the wheel A receives two 
independent motions, ove due to the rotation of B in its 
bearings, the other to the revolution of the train arm; these 
may be in conjunction or in opposition, and the resultant 
motion of A is their sum or their difference accordingly. 

This is the one prominent feature of planetary trains, 
which distinguishes their action from that of trains with 
fixed axes, and a clear comprehension of it is essential to the 
investigation of any formula or equation expressing the law 
of their action. 

Now, the train arm being extended, may carry a train of 
any number of wheels, but the vital principle of the most 
complex arrangement is embodied in the single sun wheel 
with its solitary planet, to which our attention has been con- 
fined. If, howeve-, only one central wheel be employed, the 
functions of the mechanism will have a very limited range. 
The outer wheels might be driven by means of a spring con- 
nected with the train arm, but cath a device is clearly not 
practical, and if on the other hand the central wheel and 
the train arm be independently driven, the effect is confined 
to controlling the velocity of the axial motions of the wheels 
catried by the arm, and the chief application of the arrange- 
ment would be, probably, in illustrating the motions of the 
solar system. 





| given time through any given number of degrees, m. 
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Take for example the three pairs of wheels shown in Figs. | But there is nothing to prevent the introduction of another 


sun wheel, baving the same axis as the first, as shown in Fig. 
9, which represents what may be called a complete epicyclic 
train. Here a second planet wheel E is fixed upon the same 
shaft with B, and rotates with it; this engages with the sec- 
ond sun wheel F, which has the same axis as A, but moves 
independently of it; as shown in the sectional side view, 
this wheel F has a tubular shaft, supported in a bearing in 
the frame of the machine, within which the shaft of the train 
arm T revolves. 

In this case, it is clear that we may drive either sun wheel 
and also the train arm, in either direction and at any speed, 
by independent means; and that the motion of the other sun 
wheel will be thereby determined. Or, we may assign both 
the direction and the velocity of the two sun wheels, which 
will determine the motion of the train arm, 

This arrangement consists of two such elementary trains 
as that of Fig. 2, the connection between which is in this 
example direct. But it will readily be seen that instead of 
having Band E fixed on the same shaft, motion may be 
transmitted from one to the other through a train of any 
number of wheels carried by the train arm. Or again, a sin- 


gle wheel may engage with both the sun wheels, as in Fig. | 


10, where one of these is annular, orin Fig. 11, in which 
bevel wheels are employed. But the hinary structure of the 
complete epicyclic train, although disguised, still exists; in 
these latter figures, and in all similar cases, the wheels B, A, 
constitute one elementary pair, and B, F, another. 

Now, considering only the relative motions of A, F, and T, 
it clearly makes no difference whether the train be composed 
of spur, bevel, skew, or screw wheels, in fact any means by 
which rotation is transmitted with a constant velocity ratio, 
may be employed without affecting the result, For the pur- 
pose of ascertaining the relations between these motions, then, 
we may tuke a train like that shown in Fig. 9, of which the 
essentials A, F, T, are represented in Fig. 12. 

First, suppose T to be stationary, and let A be turned ina 
M Then 
F will in the same time be driven through some number of 
degrees, n, which can be found in the usual manner, since 
the whole train is now composed of wheels rotating about 
fixed axes; we shall then have for the value of the velocity 


ratio: 
ang. vel. AU nm 
ang. vel. Fm 


Next imagine one of the wheels to be locked to the train 
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arm, and let the latter, in the same time as that occupied in 
the previous motion, be turned through a number of degrees 
represented by a. Then the angular motions of both A and 
F, expressed in degrees, must be increased by just this num- 
ber a; that is, if we represent their total motions by m!' and 


n' respectively, we shall have, as shown in Fig. 13: 
m'=m + a, or m=m'—a, 
n =n + a, orn=n'—a. 
But these actions may take place simultaneously just as well 
as successively, and will do so if we unloek the wheels and 
set the train in motion. 
We shall have then: 
n'i—@_ n 
m'—a m 
an equation expressing the relation between the three an- 
gular motions m', n', and a, from whicb, if any two of them 
be given, the third can be determined 


In deducing this expression, it must be observed, all the | 
rotations, which have the same direction as those of the | 
hands of a clock, are considered positive; a rotation in the | 


opposite direction must therefore be regarded as negative, 


and due attention must be paid to this in applying the equa- | 


tion to any given train. Thus, if the train arm still turn to 
the right, but A or F turn to the left, m or x will be negative, 
and we shall have: 

n 


= 


ni—a a. 
m—a 


If the train arm turn to the left, both A and F still turning 
to the right, @ becomes negative, and 


n'+a_n 
m+a m* 
If the train arm, again, turn to the left, A and F turning oppo- 
site ways, we shall have« 
n'+a_ =*n 
m+a m 


This is, then, the general equation of the action of an epi- 
cyclic train, as deduced by Prof. Rankine, And to its accu- 
racy it is clear that no exception can be taken, when its ap- 
plication is confined to what we have called complete trains; 
that is to say, those in which the first and the last wheels of 
the entire train under consideration (as A and F in Figs. 9- 
13) are both sun wheels, having the same axis as that about 
which the train arm revolves. 

Prof. Rankine expressly stipulates that this shall be the 
case (Machinery and Work, p. 248); and he does not 


| even suggest the application of this equation to incomplete 
trains; or in other words. the use of it to determine the axial 

rotation of any planet wheel of the train. Such an applica- 
j} tion has been made, however, by other writers, and in the 
| next article we shall endeavor to show that the results are in 
some cases inconsistent with each other and directly at vari- 
ance with acknowledged facts. 


PROFILING MACHINE. 

E. E. Garvin & Co., of 1389 & 141 Centre St., N. Y., have 
|lately brought out an improved Single Spindle oe 
| Machine, a tool presenting several points which merit specia 
attention. Compared with the regular two-spindle style of 
edge-milling machine, it occupies but little more than half 
the floor space, being rather more compact on account of dis- 
|pensing with the long drum, and in place of that, driving 
the spindle from a single pulley which keeps an equal belt 
tension, as it is held at the end ofa radial arm, which pre- 
| serves a constant center-distance between that and the cen- 
ter line of cutter-spindle. 








SINGLE SPINDLE PROFILING MACHINE, 


A special feature upon this machine is, that two former 
pinsare used, fixed upon the line of and equally distant 
from the spindle center, allowing thereby a superior mode of 
placing the former and the work to be milled. When the 
former is to be cut from a sample piece, no resetting of the 
former is called for, as it is used in the exact position that 
it was made, and the work is milled upon the spot that the 
sample was fixed in making the former. 

The four motions of traverse necessary, are accomplished - 
by rack and pinion movements (adjustable) controlled from 
front end of machine by two large ball handles. 

Four changes of speed are obtainable by means of a cone 
of two faces and a counter with a novel and superior clutch 
motion, allowiug two speeds of shaft. 








PROPOSED SUEZ SHIP RAILWAY. 


THE proposal to transport ships overland, to secure a 
shorter and more direct route, is no new one. It was old 
even when Mr. James Brunlees, the President of the Institu- 
tion of Civil Er gineers, suggested a plan having this object, 
and to « certain extent elaborated its details. But it was 
| not till Mr. James B. Eads occupied himself with the prob- 
lem of carrying vessels and their cargoes across the Isthmus 
of Tehuantepec, from the Atlantic to the Pacific Ocean, that 
this problem was brought within measurable distance of 
solution. The weight of opinion, that is, of useful opinion, 
is in favor not only of the practicability, but of the certainty 
of carrying ships in this manner, uninjured and unstrained ; 
work has been already actually commenced on the scheme, 
and we believe that Mr. Eads, whose well-earned reputation 
as an engineer is as great as his energy and capacity in 
finance, will undoubtedly, within a few years, connect the 
opposite coasts of the Panama Isthmus, and give a direct 
line of communication to vessels traveling by the east and 
west. Since Mr. Eads gave vitality to this scheme, at least 
one similar project has been seriously undertaken, and 
others proposed. Naturally the Isthmus of Suez suggests 
itself for such a work, because of the facility with which 
it could be carried out, the great importance of our interests 
in that work, and the possible danger which threatens those 
interests, and which’still give rise to apprehension. Messrs. 
Clark and Standfield have recently exhibited at the London 
Chamber of Commerce drawings of such a scheme, and 
their drawings we reproduce from Engineering this week. 
Figs. 1 and 2 are respectively a side view and plan illustrating 
the railway. From these it will be seen to consist generally 
of a lift at each ont. priees by a track illustrated by Fig. 3, 
traverse tables being introduced atintervals to allow of xine 
passing each other. Figs. 4 and 5 are enlarged views of the 
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dock, the lift, the mode of a the ship, and the car- 
riage upon which it is transported. In the lift on the right- 
hand side of Fig. 1 a vessel is shown about to be raised, while 


that on the left is elevated to the maximum, the ship being |- 


ready for transportation. The carriage, as will be seea, is 

rovided on each side with four rows of Messrs, Clark and 

tandfield’s air cushions, and four large ones are placed 
under the bottom of the ship. Those at the sides are con- 
trolled by rapidly worked struts, so that both narrow and 
broad vessels can be accommodated. Each of these rows of 
air cushions is divided vertically into ten separate compart- 
ments, giving a total of 120 compartments supporting the 
vessel all round; as these run at right angles to the frames of 
the vessel, she cannot be in the least strained, even if many 
of them were punctured. The pressure of these air cushions 
on the side of the vessel corresponds with the water pressure 
at the same heights when the vessel is at ber load draught in 
smooth water, It would, by preference, be a little in excess of 
the water pressure, but would be very considerably less than 
the pressure to which the vessel is subject when laboring in 





order. This isa very important matter, especially in agri- 
cultural engines, where the feed- water may make it veces- 
sary to clean the boiler quite frequently. 

he mounting of the different parts of the generator and 
the form of the movable pieces may be seen by inspecting 
the figure. 

The tubes, which are provided with conical ferrules, 
turned with care, are fastened into the tube plate ia the 
usual way, that is to say, with a rod threaded at its extremi- 
ty. This rod likewise serves to remove them in a few 
instants from the end toward the fire-box. It then only 
remains to remove the bolts from the front plate of the fire- 
box and disengage the latter from the tubular shell. All 
parts of the boiler are thus rendered accessible, and the 
cleaning of them may be effected undey very satisfactory 
conditions. The fire-box carries a piece of corrugated iron 
plate which rests upon the bottom of the shell, and it is ar- 
ranged in such a way as to give a large heating surface with- 
out, however, increasing the consumption of fuel. In gen- 
erators of this kind the efficiency of a reversed flame is not 








a seaway. In the plan Fig. 2, are shown two traversing tables 
for transferring vessels from the up to the down line, or vice 
versa, These are placed near the lifts at each end of the 
railway, and worked by direct action bydraulic rams. To 
avoid curves sector tables are placed where required, to 
change the direction of the line. 

The extreme breadth of the track is 70 ft. from outside rail 
to outside rail, see Fig. 5. It consists of five ordinary gauge 
lines of 4 ft. 81g in., with the three supplementary mid- 
die rails, 8s, making thirteen railsin all. The gradients are 
ay flat, the highest point on the proposed route being only 
52 ft. above sea level, and it would be necessary to construct 
the line only about 8 ft. above that level. An ordinary by- 
draulic ship lift. such as those in use at the Victoria Docks, 
London, at Multa, and at Bombay, occupies from one to 
three hours in docking a vessel of from 2,000 to 6,000 tons 
weight; such a lift would take little more than three minutes 
to raise a Jaden vessel weighing 12,000 tons through a height 
of 40 ft., the maximum lift that would be required. 

AUBER’S TUBULAR BOILER WITH MOVABLE 

FIRE-BOX. 


Mr. AUBER, a French manufacturer, has devised a system 
of portable motors that exbibit certain interesting improve- 
ments in the construction of the steam generator, such im- 

rovements having been introduced with a view of making 
t easy to get at the interior of the boiler so as to keep it 1 
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IMPROVED PHARMACE 





AUBER’S TUBULAR BOILER. 


| as yet clearly established. Mr. Auber prefers to employ a tu- 
| bular section of some extent,and a direct draught, this giving 
| greater security. Upon reaching the smoke-box tbe sparks 
are extinguished before reaching the smoke-stack, and thus 
all danger of fire is avoided. 

In short, this boiler combines within itself all those con- 
ditions of simplicity and strength that are requisite for agri- 
cultural engines, whose running is often intrusted to inex- 
perienced persons.— Revue Industrielle. 


NOTES ON PHARMACEUTICAL APPARATUS.* 
By Caries Symes, Ph.D. 


Some vears ago. Mr. Ince (I believe it was Mr. Ince) wrote 
thus, or to this effect: ‘‘ I have a good deal of faith in a man 


capacity.". These words forcibly conveyed to my mind 
that, in the opinion of the writer, a man of good average 
intelligence, with simple apparatus, sufficiently large for his 
purposes, could accomplish much in the way of manufac- 
turing pharmaceutical preparations; and I think there can 
be little doubt that a pharmaceutical sermon, “having a 
}man and a pan” for a text, could, in able hands, be rendered 
both interesting and instructive. 

As a busy man, having my time pretty fully occupied with 





* Read at a meeting of th: Liverpool Chemists’ Association, Feb- 
ruary 28 
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and a pan, provided the one has brains and the other has | 
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lthe duties of my calling, I merely propose to bring before 
you this evening some ideas concerning, and description of, 
|a@ few simple but useful forms of pharmaceutical apparatus. 
| I do so under the following circumstances: 
Last year a friend from South America, when visiting 
Liverpool, desired to see our laboratory, about which he had 
| probably formed some exalted notions; but on being shown 
the very modest equipment, after some conversation he 
said, “If so much practical work can be accomplished by 
such simple means, send me some similar things, such as 
| your experience suggests as being necessary and useful to 
commence with for a small laboratory, and to which I can 
add as occasion requires.” The work (except percolators, 
retorts, and minor matters) was, with rough drawings, placed 
in the hands of Messrs, Thomas Ryder & Co., engineers, of 
Manchester, and was by them executed in a highly satisfac- 
tory manuer. I may add that as the apparatus had been 
shipped long before it occurred to me to write this commu- 
nication, I am indebted to them for a photograph and some 
particulars to refresh my memory, and enable me to bring 
the matter before you in what I trust will be a clear and ex- 
plicit manner. 
I must mention tbat our friend had already a high pressure 

boiler working an engine and other machinery, and we had, 
therefore, to start with a reducing valve. 











This valve is made of gun metal, and is so arranged on the 
steam supply main that it reduces therein from the pressure 
of the boiler, say 60 Ib., to 2 or more pounds per square inch, 
as may be desired. 

The steam entering at A, and acting equally on the two 
valve faces, Band C, it will be seen that there would be no 
passage but for the lever, which is weighted in such a man- 
ner as to allow just sufficient steam to pass through to pro- 
duce the lower pressure and temperature. To the small 
uniov connection, marked D, is attached a brass tube to con- 
vey away any moisture from the upper chamber which may 
accumulate by the condensation of steam, as it is passing 
througb the valve; and it also serves to prevent the possibi- 
lity of a vacuum being formed which would hold the valves 
in check and prevent them from working freely. 

As most pbarmacists would provide a boiler specially for 
working such apparatus [ am about to describe, let me say 
a few words about boilers, the choice of one being a matter 
of some importance. Our own is a small upright tubular, 
41¢ feet high by 26 inches diameter; it stands on nine inches 
of brick-work, and occupies but little space in the labora- 
tory. An iron pipe, covered with felt to lessen condensa- 
tion, runs from it round two walls of the building to supply 
steam to stills, pans, funnels, etc. 

To have a boiler too small for the purposes required is a 
| decided mistake; it is better to err in the opposite direction, 
as any one with experience in these matters will know how 
trying it is to run short of steam when two or three prepara- 
| tions are in hand. and a lot of evaporation has to be done. 
| There is of course a limit in size, beyond which it is not de- 
sirable to go, first on account of space, and secondly on the 
|score of economy in time and fuel, for if a much larger 
boiler is used than is really required there is so much 








more water to be heated each morning at the expense of 
these two items, 

Boilers are usually described as of ove or more “ horse 
power,” and to obtain this unit in the most simple form 
{the following conditions are necessary, viz., 1 square foot 
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of fire grate and 1 square yard of heating surface; these, 
with an expenditure of 14 Ib. of coal, evaporate 1 cubic 
foot or rather more that six gallons of water wd hour, 
which in the form of steam applied in a Boulton-Watt 
engine would perform the work of one horse for that period 
of time. A two horse boiler is sufficiently large where ma- 
chinery is pot used, and an upright tubular one is the best 
for ‘‘ getting up steam” quickly. 
used in preference to coal, as the latter is liable to choke the 
tubes with soot very readily. Although it should be tested 
to bear a pressure of at_least 100 Ib. to the square inch, not 
one-tenth this amount is generally used for pharmaceutical 
purposes. 

With a low pressure boiler, then, a reducing valve is not 
required, and the steam is taken direct from it to the point 
at which it has to be used, merely interposing a screw stop 
valve on the main, which in such position is better than an 
ordinary tap, as it affords a more convevient means of regu- 
lating the supply. In the arrangement shown, a tub, three 
pans, and a funnel are placed on one side of the boiler; a 
still and condenser on the other side. Into the tub passes a 
block tin pipe, terminating on the bottom in a flat perforat- 
ed coil, a short distance above which rests a perforated 
false bottom, such an arrangement being convenient for 
steaming and boiling purposes, where the ingredients are 
bulky, as in the case of decoctum sarze comp., etc. 

The pans are of copper, jacketed with cast iron, eage 
a steam cavity over the lower part only. This provides suf- 
ficient heating surface for rapid evaporation, and avoids to 
some extent the inconvenience and possible deterioration of 
the product caused by the drying which always occurs on 
the outer edge of the Tiquia where it comes in contact with 
the sides of the pan when it is jacketed to the top. Con- 
stant stirring will of course obviate this to some extent, but 
even with this, ard the old arrangement, it is not easy to 
remove the difficulty. ' 

The capacities are 40, 20, and 10 gallons, and the internal 


In this, coke should be | 


RETORT AND CONDENSER. 


WE give an engraving of a retortand condenser for gold 
amalgam. The retort is turned smooth inside, and is of a 
shape peculiarly adapted for rapid and complete exbalation 
of the quicksilver. Of course this can be used for silver 
amalgam if desired. 























measurement, 30 x 24, 24 x 20, and 18 x 17 in. respectively, | 


and such a one is fitted with a check valve, or tap, vacuum 
valve, and a siphon pipe and back pressure valve at the out- 
let for waste steam; it is self-contained, requiring only the 
attachment of the steam supply and waste pipes, so that, if 
thought desirable, the relative positions could be changed 
with ease. The steam funnel is made entirely of copper, 
well tinned inside, and the steam chamber is continued to 
the top. The steam supply enters at a 3g inch union near 
the top, makes the circuit of the chamber, and passes out at 
right angles to the side of the funnel, more or less condens- 
ed, near the bottom. The exit tap is somewhat large in 
proportion to the funnel itself, the object of so having it 
being to prevent any possibility of choking up and to pro- 
vide a good exit for any thick or partly solid filtrate. The 
interior of the funnel is fitted with a tinned wire cagework 
which can be removed at will, its obvious use being to pre- 
vent the filtering material from touching the sides of the fun- 
nel, and for preserving a clear passage for the filtrate in all 
directions, while the support given is practically equal to that 
by a solid surface. ear the top is placed a small safety 
valve which is regulated to blow off at 5 1b. pressure. The 
main steam pipe (if not required for drying closet) should 
terminate iv this direction with a T-picce, fitted with screw 
tap and hose connection, so that a rubber tube can be at- 
tached when desired; it is useful for many purposes; ove 
example is that of steaming nux vomica beans before 
grinding. 

The still is placed on the opposite side of the boiler; it is 
of copper with a cast iron jacket, similar to those on the 
pans, and has fittings like them. In the body of the still is 
a gun-metal hand-hole for removing apy solid residue, and 
for cleaning out purposes. It is also fitted with a removable 
perforated false bottom for separating any solid matter from 
the liquid contents drawn off by the tap underneath. The 
distillate is condensed iu a block tin worm contained in a 
circular wrought iron cistern of 60 gallons capacity, the exit 
being from the side near the bottom. 

Passing direct from the boiler is a steam-pipe which ter- 
minates in another block tin worm at the top of the cistern, 
going within the coil of the other worm and out at the cen- 
ter of the bottom of the cistern. Underneath is a stoneware 
barrel to receive the distilled water as it flows from 
from the last-named worm. This is found to be a conve- 
nient arrangement, and whenever the pressure is increasing 
unduly round the still or pans, or when it is necessary to 
stop the working of one or more of these, then the distilled 


water tap can be turned on, with the result that one has a | rugations over which the liquids circulate in o 


good supply of distilled water, practically free of cost. 


| construction of surface condensers for steam engines. 


| IMPROVED AMALGAM RETORT AND CONDENSER. 


The condenser attachment, shown in the cut, which is 
made of either brass or iron, is, as will be observed, of very 
important use in facilitating the process of retorting by de- 
creasing the time required, and permitting of a more perfect 
condensation of the quicksilver through its automatic action; 
adding but little to the cost, and can be applied to any retort 

ipe, as it is not a fixture, and if made of brass will not rust. 

he rubber bag attached to the end of the retort pipe pre- 
vents all danger of explosion. It should, of course, be im- 
me in a vessel containing water. The distention of the 
bag indicates that quicksilver is still being condevsed, and 
its collapse indicates that the operation is complete. The 
Hendy machine works have these appliances: The tripod 
- retort stand can be made by any blacksmith.—Min. and 


Press. 








LAWRENCE'S CAPILLARY COOLERS. 


Tue Messrs, Lawrence’s system of coolers, represented in 
the accompanying engravings, are already well known to 
brewers and distillers, and are particularly interesting from 
the facility with which their principle adapts itself to the 
The 
are, on another hand, employed with success for the cooling 
of wort, for the condensation of alcoholic vapors, and for the 
treatment of spirits, wine, milk, and other liquids. 

Fig. 1 gives an ideal view of the essential part of the 
capillary cooler, aud Fig. 2 gives the actual form of the 


Fig. 1. Fig. 2. 














| undulations, Two plates of tinned copper are placed 
| near each other, and are so bent as to form a series of cor- 
posite direc- 
|tions—the water rising in the interior in the directions 


_It has been mentioned that each pan is fitted with asipbon | shown by the arrows, E, and the liquid to be cooled passing 
pipe and back pressure valve. The former prevents waste | over the undulations in the direction, L. These two currents 


of steam, and consequent power; a foot of condensed water | have naturally ingress and egress orifices alternately at the | 


in the pipe would represent approximately half a pound of | top and bottom of the apparatus, ang the latter is protect- 
steam pressure. The latter prevents the waste steam from | ed from the air by well jointed side plates. 


one pan from entering the chamber of the next, replacing a 
tap and acting automatically; it is exceedingly simple, as 
will be seen from the drawing. The arrows indicate the di- 
rection in which the steam (or condensed water) passes, lift- 
ing the small valve in the center and moving forward free- 
ly; but if it attempts to pass in the opposite direction, the 
more tightly the valve is closed against it. 





The apparatus described does not by any means constitute 
the equipment of a pharmaceutical laboratory, but it forms 
some of the essentials for eaten Bs work, and a foundation 
on which to build. The capabi 
the expense is moderate also. The cost, exclusive of main 
supply and waste steam pipes, the tub and stone barrel, is 
£110. A two horse upright tubular boiler costs £28 or £30, 
so that the whole could be fitted up for something like £150. 
The still. pans, and funnel are tested by hydraalic pressure 
to bear 20 Ib. on each square inch of surface. 

Doubtless, different ‘pheetediets work their apparatus at 
different degrees of pressure. My experience is that with 
pans of the size mentioned a pressure of from 2 Ib. to 5 Ib. 
to the square inch, giving a temperature of from 216° to 
2254¢° F., is the most suitable when stirring is actively con- 


tinued, and when not stirring, a nominal pressure say of 
Pharmaceutical 
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ilities are but moderate, still 


The conductivity of the metal, its thinness, and its undu- 
latory form, and the circulation of the liquids in opposite 
directions, lead to a very effective refrigeration. The appara- 
tus shown in Fig. 3 has been specially devised for the manu- 





LAWRENCE'S CAPILLARY COOLER. 


facture of beer of low fermentation. It acts = the wort by 
means of ordinary water and iced water. ere are other 
single-liquid types which serve for cooling beers of high 
fermentation. 

In Fig. 3, A shows the entrance for the iced water, B 
its place of exit, C the entrance for the ordinary water, D 
its place of exit, E the entrance for the wort, and F its 
place of exit. 

The apparatus are all provided with a copper receiver, a 





car! 





pipe for distributing the liquid to be cooled, and sufficient 
surface of convolutions to cool thirty hectoliters per hour to 
one degree above that of the cooling liquid. —Revue Indus- 


i. 





THE PLAY OF THE NEEDLE. 


THE accompanying cut represents a machine designed to 
calculate the number 2 based upon the play of the needle. 

It consists essentially of a wooden table, covered with an 
insulating varnish, upon which are placed copper bands. 
These latter are separated from one another by an _ interval 
of a few millimeters, in the center of which are arranged 
copper wires that project slightly and are insulated from the 
copper bands. All the copper plates are connected with 
each other through the intermedium of the conductor, and 
all the wires are connected with each other. As shown in 
the figure, the conductor communicates with the pole ofa 
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pile whose other pole is connected with the first conductor 
after py! through an electro-magnet in front of which is 
placed a fork. Ordinarily the circuit of the pile is open, 
and the apparatus is at rest; but, if a metallic needle be 
thrown upon tbe table so that it shall rest at the same time 
=e a band and a wire, the current will and the iron 
plate of the fork will be attracted. hen the needle is 
raised, the plate will fall and the wheel will have revolved 
one notch. 

Let us imagine, then, that a counter is connected with the 
wheel, and we shall see that every time the needle meets a 
copper wire the counter will mark one, 

his granted, we connect the needle, by a fine and very 
flexible wire, with a rod set in motion, through the interine- 
dium of a connecting-rod, by any motor whatever, an electric 
one, for example, as shown in the figure. A second coun- 
ter, placed at the top of the apparatus, indicates the number 
ha the needle has been lifted and then thrown upon the 
table. 

If then we suppose that the needle is just equal to half the 
interval comprised between two of the copper wires upon 
the table, we shall have at every instant a value of w in the 
form of a fraction whose numerator will be marked by the 
upper counter and whose denominator will be shown by the 
lower one, 

Let us remark finally, that, every time the lower counter 
marks a power of 10, the upper one wil give 2 as a decimal 
fraction with as many decimal figures as there are units in 
the power of 10 in question. 

It will suffice, then, to put in the counter as many wheels 
as it is desired to have decimal figures, in order to have x 
with any approximation whatever.—J. Lecornu, in La Na- 
ture. 


THE GREAT DISCOVERIES IN ELECTRICITY.* 


FarabDay was the first, as long ago as 1821, to cause a 
magnet to revolve through the action of a current. Ten 
years afterward, in 1831, be discovered induction currents 
under the following circumstances : 

The influence that a body charged with ordinary electri- 
city exerts upon the electrical state of another y placed 
near it, had been known for alongtime. The connecting 
wire of a pile in which a current is circulating is evidently 
an electrified body. Is this wire then capable of modifying 
the electrical state of a second wire placed near it, and of 
exciting a current in it ? 

All attempts that had been made to answer this question 
having failed, Faraday took up the study of it. He formed, 
in the first place, a helix consisting of two insulated wires, 
which he wound parallel with each other, one over the other, 
around a wooden cylinder. The two ends of one of the 
wires communicated with a very sensitive galvunometer. In 
the other wire circulated the current from a pile whose 
power Faraday kept progressively increasing by raising the 
number of its elements from 10 up to 120. Ip spite of this 
the galvanometer showed no change io the electrical state 
of the other wire during the continuous passage of cur- 
rent. But, fortunately, Faraday perceived that atthe mo- 
ment at which he closed the latter, the needle of the galva- 
nometer experienced a sudden and momentary deflection, 
and then returned to a state of rest in spite of the continui- 
ty of the current. 

He saw also that at the instant he broke the latter the 
needle underwent another sudden deflection, but one that 
was in a direction contrary to the other. He concluded 
from the circumstances connected with this - unexpected 
phenomenon that when the current from the pile begins, 
there exists in the og ao wire an instantaneous or in- 
duced current, which has a direction opposite that of the ex- 
citing or inducing one, and that at the moment the latter 
onds an induced curren‘. is excited anew in the neighboring 
wire, but in thc same direction as the inducing current. 
He perceived also that a current which is rapidly approach- 
ing a closed circuit excites therein an induced current, in 
acting like one that is commencing, and that, as soon as the 
first leaves, it acts ) * one that is ending. 

It was thus that Faraday discovered instantaneous where 
he thought he would find permanent induction, like those 
who already occupied themselves with this question. 





*See Sorewturio Auznican, July 14, page 2%. 
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It remained to find electro-magnetic induction, or the mode 
of production of electricity by ma2nets—a problem the same 
as that which Ampere had solved ten years previously. 

Faraday wound separately, around a soft iron ring, two 
perfectly insulated wires, one of which was in connection 
with a pile and the other with a galvanometer. At the mo- 
ment he closed the circuit the ring became suddenly magnet- 
ized and the galvanometer needle revolved quickly and 
then came to a state of rest. This deflection revealed the 
instantaneous excitation of an induced current that was de- 
veloped in the wire of the galvanometer by the sudden mag- 
netization of the iron ring. 

When Faraday broke tbe current this ring lost its mag- 
netism and the needle at once showed a momentary deflection. 
This was due to the formation of a new induction current, 
through the demagnetization of the ring. 

Faraday obtained similar effects when he quickly intro- 
duced into a hollow, single wire bobbin, communicating with 
the galvanometer, either a bar of soft iron magnetized by 
a strong current, or a powerful permanent magnet. In both 
cases the galvanometer needle was deflected quickly in one 


direction at this instant, and then in an opposite direction | 


when he suddenly removed the magnets from the hollow in 
the bobbin. 

These experiments on inductiow by magnets. which are 
the most surprising, belong to the domain of those on in- 


You bave announced that I was preparing a circuit of short | 
| extent in order to show my friends the operation of the tele- | 
graph. ‘This circuit I made about a third of a mile long, 
|and last Saturday (tbe 2d instant), in the ——e of Pro- 
| fessors Gale and Torrey, of this city, and of Prof. Danberry, 
of the University of Oxford (Eng.), and a few other persons, 
| I made a preliminary experiment with the register. The dis- 
| patch was written perfectly enough to establish the possi- 
bility of the scheme and the simplicity of my mode of com- 
munication, which is superior to that of the plans proposed 
| by European professors. 
| **It will be observed that no foreign electric telegraph has 
| as yet succeeded in transmitting intelligible communications; 
it is only asserted, as a consequence of the last experiment 
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Fic. 1.—SPECIMEN OF WRITING OF MORSE’S 
FIRST TELEGRAPH. 





duction by currents, if the theory according to which Am- | 


pere likened a magnet to a solenoid be true, for the magnet 
thus represented a bobbin traversed by a voltaic current 
that was introduced into the bollow bobbin communicating 
witb the galvanomeier, 

Faraday likewise obtained induction currents in wires 
through the influence of terrestrial magnetism circulating 
from east to west, and we may add here that he found in the 
phenomena of magnetic induction a true explanation of the 


magnetism through rotation that Arago had discovered in | 


1824. 

In 1834, three years after these great discoveries, Faraday 
demonstrated the existence of the extra current, or the in- 
duced current that occurs in the inducting circuit itself, and 
tbat he had foreseen from the beginning. 

He etudied this phenomenon in seeking the reason for the 
appearance of a spark of a peculiar character, and of the 
strovg shock that Jenkin and PouiHet bad experienced at 
the moment of the breaking of a current circulating in a 
large electro-magnet. 

Pocatay hastened to show that the electrici!y developed 
by induction possesses all the properties of ordinary electri- 
city produced by machines or the pile, and to prove thus 
that induction is, in reality, only a peculiar mode of excita- 
tion of electric manifestations. 

The discovery of electro-magnetic induction, while it has 
thrown a new light upon the relations existing between 
magnets and electric currents, bas given us a means of pro- 
ducing electricity with more facility and advantage, as may 
be seen from the machines of Pixii, Clarke, Ruhmkorff, 
Siemens, Gramme, De Meritens, and others. 

Some of these serve for producing the electric light, 
etc., while others constitute powerful magneto-electric or 
dynamo-electric machines that bave recently been applied 
to the conversion of mechanical force into electricity. and, 
by a reverse action, electricity into mechanical power. 

The first magneto-electric machine was constructed toward 
1850, at Paris, by F. Nollet, professor of physics at the Brus- 
sels Military School. 

If we cast a rapid glance over the progress that has been 
mace in electricity in less than half a century, we shall see 
that, after presenting itself suddenly under an entirely new 
form in the volta pile, after manifesting its surprising action 
upon magnets and currents at a moment when the science of 
the phenomena engendered by the pile seemed to some to 
be exhausted, electricity is again presenting itself under a 
new light in induction apparatus, wherein it is excited by 
the most surprising means.—Ch. Montigny, in L’ Electricite. 


{Continued from SuprLement No. 425, page 6786. } 
HISTORY OF THE ELECTRIC TELEGRAPH. 


Amone the telegraphs that are based upon the use of the 
electro-magnet we shail first speak of Morse’s, by reason of 
the date of 1832 that some have desired to assign to it. In 
order to well understand at what epoch the Morse telegraph 
was really invented, we must go back a little in the life of 
the inventor. Samuel Finley Breese Morse, born at Charles- 
town, in 1791, was av historical painter. . From 1811 to 1815 
he was in Europe improving himself in the art of painting; 
then he returned to America. In 1829 he again came to Eu- 
rope, which he left in the packet ship Sully, in 1882, for his 
own country again. Upon the same vessel was Dr. Charles T. 
Jackson, of Boston, who had been attending the lectures of 
Pouillet upon electro-magnets at Paris, and who had among 
his baggage a pile and an electro-magnet of Pixii’s make. The 
wonderful effects that Jackson had seen produced with this 
apparatus at Pouillet’s lectures soon became a subject of 
conversation among the passengers, and Morse, who had 
never specially occupied himself with electricity, but who 
had, however, during the winter of 1826-1827, taken lessons 
of Dana, at New York, upon electricity, took a lively inter- 
est therein. Theconversation several times turned upon the 
age adhe miglit be derived from the electro-magnet, 
and Jackson, as well as Morse, spoke of the possibility of 
employing it in the construction of a telegraph. The end of 
the voyage came, and Morse and Jackson each returned to 
his occupation. Jackson thought no more of the telegraph, 
but, as for Morse, the idea of constructing one was ever in 
his thoughts. According to Turnbull, he was, in 1833, ob- 
served in the house of his brother, in New York, casting 
characters designed for the production of dots and dashes. 
Then his researches seem to have been interrupted until 1835, 
the epoch at which he was appointed professor of the history 
of the arts of design in the University of New York, and was 
located in the University building. It was here, it appears, 
that he constructed an apparatus in conformity with his first 
ideas, and exbibited it (according to his declaration before a 
emer to a few friends, among whom was the chemist 

nard Gale. But the apparatus did not as yet give a fa- 
vorable result, and, if it did better a short time afterward. it 
was doubtless because Morse had been aided by the advice 
and scientific knowledge of Gale, and perhaps too because 
he had obtained some knowledge of what was being done in 
Europe. However this may be, on the 4th of September, 
1837, he addressed to the New York Journal of Commerce 
(which a few days before had for the first time spoken of his 
telegraph) the following letter: 

‘Gentlemen: A few days ago you bad the kindness to sup- 
port my its to the invention of the electro-magnetic tele- 
graph, and i thank you for it. I can give the most detailed 

$ as to the priority of the invention; it is flow five years 
ago that I invented and almost entirely carried out my plan. 


performed in London, ‘that by means of five wires,’ etc., a 





dispatch ‘may be transmitted.’ I send you a specimen of 
the writing of my telegraph. It is the transmission of a dis- 
patch (effected this morning in a completer manner than on | 
Saturday) to a distance of a third of a mile. Thinking that | 
your readers would be pleased to see this kind of writing, I 
have bad it engraved for you, and subjoin an explanation | 
of it.” 
The specimen of writing is shown in Fig.1. It comprises 
| the numbers 215, 36, 2, 58, 112, 04, 0, 1837, which, on being | 
looked for in the dictionary, gave the sentence: *‘ Successful | 
experiment with telegraph, September 4, 1837.” | 
This letter well shows that Morse had not before this ob- 
|tained any satisfactory result. On the 2d of September, 











Fie. 3.— MORSE’S FIRST RECEIVER. 


even, the transmission was but incomplete; it was only on 
the 4th that there was success, and the very tenor of the dis- 
patch carries upon the face of it the evidence of a first tri- 
umph. Moreover, according to Vail, the constructor, who 
soon became Morse’s associate, the exhibition on tbe 2d was 
the first public experiment with the telegraph. 

On another band, the Secretary of the Treasury had, on 
the 16th of March, 1887, sent to a large number of persons, 
Morse among them, a circular asking their opinion as to the 
‘* possibility of establishing a system of telegraph for the 
United States,” and as to the different ways that such a sys- 
tem could be rendered more useful to the Government and 
the public in general. Morse did not answer until the 27th 
of September, 1837, that is to say, after the experiment of 


Fre. 3. 


which we have _ spoken, and even after bis association 
with Vail, after having, as he says in his letter to the Secre- 
tary, made arrangements with Mr. Alfred Vail to have a 
complete apparatus designed to demonstrate at Washington 
on the Ist of January, 1838, the possibility of its performance 
and the superiority of his mode of telegraphic communica- 
tion by means of electro-magnetism. 

Finally, it was not till October 6, 1837, that he made appli- 
cation in America for a patent, an application, be it said en 
passant, that he soon withdrew so as not to be hampered in 
the taking out of patents in Europe. 

Despite all these facts, which accord so well to show that 
his telegraph did not really work till 1887, Morse did not 
hesitate to claim 1832 as the date of his invention. In his 


a. 





first letter to the Secretary of the Treasury he expresses him- 





self as follows: 


‘* About five years ago, ou a trip from New York to Eu- 
rope, Franklin’s experiment with a wire nearly four miles 
long came to my mind in a conversation witb one of the pas- 
sengers. This experiment proved that electricity accom- 
plishes its circuit within an inappreciable length of time, and 
apparently instantaneously. 

**It also occurred to me that if the presence of electricity 
could be rendered visible in any part of the circuit whatever, 
it would not be difficult to construct a system of s% 
through which a dispatch would be transmitted instantane- 
ously. This idea grew in my mind during my entire trip, 
and I devised a system of signs antl an apparatus to put it 
in execution. The first week after my return I established 
the base of my system. The result exceeded my expecta- 
ee 

In another letter, whose destination is not indicated, he 
expresses himself still more clearly: 

**In 1826, the lessons given at the New York Atheneum 
by my intimate friend, Dr. J. F. Dana, gave me the first no- 
tions of electro-magnetism, and made known to me some of 
the properties of the electro-magnet; and I made use of these 
in 1832 for establishing the bases of my plan of an electric 
telegraph. I claim to have invented the electro-magnetic 
telegraph on the 19th of October, 1832, on board the packet 
ship Sully, during my trip from France to the United States; 
consequently, | am the inventor of the first truly practical tele- 
graph based upon electrical principles, The plan that I then 
conceived with all its essential characters is that which is 
now in active use. All the practicable European telegrapbs 
ure based upon a different principle, and wethout a single ex- 


| ception, postdate my own. 


**I should have perbaps said that the conception of the 
idea of an electric telegraph belonged to me then, and that I 
velieved myself to be the first who had ever associated these 
wo words, 

‘It was not till after the realization of my invention, and 
its successful trial over a length of ten miles, that I learned 
for the first time that the idea of an electric telegraph bad 
occurrd to some one else, I can say that my idea belongs 
to me adoue from its total dissimilarity to the inventions and 
suggestions, even, of others, I bad not the least knowledge 
of what had been done before me until my plan was in full 
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Fias. 4 anp 5.—MORSE’S FIRST TRANSMITTERS. 











Morse strengthened his claims by letters from persons who 
had made the trip with him on the Sully. One of the pas- 
Mr. W. C. Rives, wrote bim on the 21st of Septem- 


‘“*Sir: I hope you will find in my numerous engagements 
an excuse for the dilatoriness that I have displayed in an- 
swering — upon the subject of your electro-magnetic tele- 
graph. remember perfectly the explanation that you gave 
me of this ingenious invention during our voyage to the 
United States in 1882. We often talked of it, and I raised dif- 
ficulties that you promptly solved.” 

The captain of the Sully, Mr. Wm. Pell, wrote in bis turn 
on the 27th of September, 1837: 

‘*Sir: Upon my arrival I received your letter in which 
you ask my recollection touching what was said in regard to 
an electric telegraph during the passage from Havre on 
board the Sully, in October, 1882. I perfectly recall your 
idea concerning the possibility of a telegraphic communica- 
tion by means of electrical conductors. In measure as the 
voyage progressed and yuur idea developed, it became a fre- 
quent subject of conversation. Difficulty after difficulty was 
suggested to you, but you surmounted them, and your in- 
vention, passing from a crude to a perfect state, through 
different degrees of improvement, seemed to have reached 
the state of an instrument that needed but patronage alone 
to cause its action. Iam in sincere hope that untoward cir- 
cumstances will not deprive you of the reward that is due an 
invention which, whatever be its source in Europe, belongs 
at least properly to you. 

“When, on leaving my vessel, you said to me, ‘ Captain, 
when you hear my telegraph spoken of as the wonder of the 
world, remember that the discovery of it was made on board 
the ship Sully,’ I little thought then that I would ever be 
called upon to strengthen by my testimony your rights to 
& priority of an invention that seemed so astounding a no- 
velty.” 

A little later on, on the 1st of February, 1838, after seeing 
the telegraph operate at the University, Pell wrote: 

‘* When, a few days ago, I was examining your apparatus, 
I recognized therein the principles and mechanical arrange- 
ments that I had so often seen you develop on board.” 
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But, on another hand, at the session of March 4, 1839, Mr. | Foy, the director-general of telegraphs, who 
Beaumont, a member of the Academy of Sciences, | ance of support in case experiments should 


Elie De 
received from Dr. Jackson a letter in which occurred the 
following passage: 

“T regret to see in the public papers that Prof. S. F. B. 
Morse has appropriated my electro-magnetic telegraph to 
himself. I explained this apparatus to him at length on 
board the packet ship Sully, while I was returning to Ame- 
rica, in the month of October, 1832. I am pained at the un- 
merited patronage that French scientists have accorded to 
Mr. Morse. The invention that he has shown them be- 
longs entirely to me: As soon as I knew what his claims 
upon this subject were, I addressed my protest to him, but I 
see that he is persevering. I beg You to inform the Acade- 
my that Mr. Morse did not invent the new telegraph, and 
that I gave him the description of it in October, 1832.” 

In the presence of assertions so contradictory, it is im- 
possible to attribute any value to what occurred upon the 
Sully iv 1832. We do not know what confidence to put in 
Dr. Jackson’s assertion, but, in return, we are led also to 
suspect the good faith of Morse when we see, in a letter dated 
December 6, 1842, and consequently written at a time 
when, after a new trip to Europe, he must have been well in- 
formed, the following resumption of the history of the elec- 
tric telegraph: ‘‘ Ampere’s idea is without doubt the source 
of all the more or less fortunate attempts made in Europe to 
construct an electric telegraph. In this category may be 
ranked tbe plan of Baron Schilling, of St, Petersburg, con- 
sisting of 36 magnetized needles and more than 60 meiallic 
conductors—a plan devised, it appears, at the same time that 
I invented my electro-magnetic telegraph in the fall of 1832; 
the plans of Professors Gauss and Weber, of Gottingen, in 
1833, which simplified the use of the preceding by the use of 
but one needle and but one current; that of Professor W heat- 
stone, of London, in 1837, which employs 5 needles'and 6 
conductors; and that of Professor Steinheil, of Munich, in 
1837, which employs 2 needles and2 conductors. ‘* Profes- 
sor Wheatstone announces that he has recently ‘in 1840) in- 
vented an electro-magnetic telegraph different from bis in- 
vention of 1837. . This telegraph is, then, the first 
European electro-magnetic one, and it wasinvented, as may 
be seen, eight years after mine, and one year after the latter 
had been exhibited in public at*the residence of Count 
Lincoln in London.” 

The error relative to Schilling, and the silence that Morse 
preserves upon the subject of Steinheil’s ground wire, can 
scarcely be attributed to ignorance, but seems rather to be 
voluntary. Moreover, ia not the true date of an invention 
that of its first publication and of its first being set in opera- 
tiou, say as regards the invention under consideration, 
1837? 

At this period the receiver of the Morse apparatus (Fig. 2) 
was made out of an old stretching frame, ec, nailed vertically 
against the sideofa table. A transverse bar supported an 
electro-magnet, E, whose armature was fixed to a sort of 
pendulum, OB, that carried at its lower extremity a pencil 
which normally traced a straight line upon a paper band, 
rr’, that unwound under the influence of a clock work move- 
ment, A; when the armature was attracted during the motion 
of the paper, and then suddenly detached, a V-shaped char- 
acter was obtained. By combining the attractions and re- 
pulsions of the armature, writing was obtained similar to 
that shown in Fig. 1. The signs transmitted were numbers 
that corresponded to words inscribed in a dictionary, A 
single V denoted the figure 1, two V’sin conjunction denot- 
ed 2, etc. The groups of V forming the figures were sepa- 
rated by short intervals, and the groups of figures forming 
a number by wider intervals. When the numbers, instead of 
curresponding to the words in the dictionary, were to be 
read as numbers, they were preceded by an inverted V that 
signified zero and indicated that figures properly so called 
were being indicated. 

In orderto produce this zigzag writing the transmitter 
shown at the lower part of Fig. 2 was used. A lever, L, 
lifted by a counterpoise, N, closed the circuit by causing a 
metallic bridge to plunge into two mercury caps, V, the de- 
pressions of the lever were produced by means of a device, A, 
which, under the influence of a winch, and of a ribbon 
stretched over two pulleys, C, passed under a point arranged 
at N. This device contained leaden characters (Fig. 3), 
whose notches lifted the point and closed the circuit as 
ony, times as there were zigzags iu the character to be trans- 
mitted. 

Shortly after the first public experiments made with this 
apparatus, the electro-magnetic telegraph was presented be- 
fore the Senate and House of Representatives of the United 
States, and a committee was appointed to study it. 

This same year (1838) Morse came to France, where he 
hadfhis invention patented, and where, on the 10th of Septem- 
ber, Arago presented his apparatus before the Academy of 
Sciences. Morse was equally well received by Mr. Alphonse 





ve him assur- 
made with 

electric telegraphs. Afterward he went to England, but 

there Whea stone and E. Davy, who already bad pateuts for 

electric telegraphs, made opposition to the request that he 

_ made for a patent, and so the latter was refused 
im. 

In 1839 Morse returned to America, after Baron De Meyen- 
dorff had given him cause to hope that his telegraph would be 
adopted by the Russian government. He was deceived in this, 
however, and the disappointment he experienced caused him, 
he said, to stop for a while in the pursuit of his enterprise. 





the paper dots and dashes according to the duration of the 
atiraction, When the apparatus was not operating, a small 
vertical rod, fixed to the lever, T, caused a brake to bear 
upon a wooden wheel. At the moment the armature was 
attracted, this rod rose with the lever and ungeared the 
wheelwork, so that the paper unwound only during the 
transmission of a dispatch. The transmitter bad been defi- 
nitely simplified, and consisted of a simple contact spring, 
as shown in Fig. 6at D. The dots and dashes were obtain- 
ed, as they are vow, by a shortand a long contact; this trans- 
mitter was soon modified as shown in Fig. 7. 

Although the apparatus which we have just described 


He soon set himself to work again, however, and occupied | operated satisfactorily in 1844, and was capable of transmit- 
himself with different improvements, and studied, among | ting news from the Washington Congress to Baltimore, it 
other things, how the number of pile elements was to be | had not as yet reached the desired degree of perfection for 


increased when the length of the line was increased. 

In 1842 a report of the committee appointed to study the 
Morse telegraph proposed in appropriation of $30,000 for 
the construction of a line of sufficient extent to fully 
prove the possibility and utility of the system, This sum 
was voted on the 8d of March, 1843, the line was established 
between Washington and Baltimore, over a length of forty 
miles, and, on June 4, 1844, the Secretary of the Treasury, 
in transmitting Morse’s report upon the experiment, asserted 
that the perfect possibility of the system was from thence 
strictly demonstrated, 

At this epoch important improvements had beer introduc- 
ed into the apparatus by its inventor. Tbe zigzags had been, 
previous to 1840, replaced by dots and dashes. The trans- 
mitter had passed through successive modifications, and the 


characters had been placed in a hopper in the order desired, | 
| the same size as that of the line circuit. 


and led one by one to act upoo the contact lever. In another 
arrangement there was, for each letter, a wheelwork actuat- 
ed by akey. By pressing upon the latter the wheelwork 
was wound up, andthen the key, returning to its initial 
position, effected the closings and opeuiugs of the circuit 
necessary to transmit the character. 
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Fic. 7—MORSE TRANSMITTER. 


In a third transmitter (Fig. 4) a train of clockwork, R, set 
im motion a toothed wheel, B, and a second toothed wheel, 
C, mounted upon a forked lever, C T, permitted of commu- 
nicating motion at will to the toothed wheel, A, of a long 
cylinder, This latter, which was of brass, had its entire sur- 
face, with the exception of certain groups of metallic pro- 
jections (shown in black in the figure),covered with an insu- 
lating material. Springs that corresponded to each letter, 
and that rested against the cylinder through the intermedium 
of a metallic roller, all communicated with one of the wires 
of the circuit, while the metal of the cylinder communicated 
with the other wire. When with one hand the lever, T, 
and with the other one of the springs was depressed, the 
cylinder began to revolve, and the projections, passing under 
the spring, produced the necessary contacts for transmitting 
the corresponding letter. 

Another, called the flat transmitter, was, so to speak, 
merely a simplification of the preceding. A plate of copper, 
C (Fig. 5), was provided with projections separated by an 
insulator in such a way as to form a bed, I, which in plan 
appeared as shown at;A. Each vertical line of long 
and short projections corresponded to a character. Above 
the plate there was another one, D, _— with a long 
slit over each character. The plate, D, was connected with 
one of the wires of the circuit, and C with the other. In 
order to transmit a letter it was only necessary to introduce 
into the slit corresponding to this character a metallic rod, 
L, that pressed at the same time against A anc the edge of 
the slit. Thus were the necessary contacts and interrup- 
tions obtained. 

As for the apparatus employed during the experiments be- 
tween Washington and Baltimore, this is shown in Fig. 6. 
In this instrument, which makes an approach toward the 

resent Morse apparatus, the rT rr HB, in attract- 
ing its armature, lifted toward the band of paper carried 
along by wheelwork, R’, the extremity of the lever, T. This 
extremity was provided with several points that traced upon 





Fic, 6.—MORSE APPARATUS AS USED U“{HE LINE BETWEEN WASHINGTON AND BALTIMORE. 


being worked on a large scale. This is well shown by an 


| interesting letter written by Prof. Page on the 26th of March, 








1860, from which we give a few extracts: 

** The life, the soul, of the electric telegraph is that won- 
derful little instrument called the receiving electro-magnet, 
invented by Prof.Wheatstone, of England. Prof. Morse also 
made use of a receiving electro-magnet, it is true, but one of 
such a construction that it was not applicable to a long cir- 
cuit. The electro-magnet that he used upon the first tele- 
graph line tried at the expense of the government between 

Washington and Baltimore was formed of a very strong 
curved iron bar whose magnetizing bobbins were made with 
strong No. 16 or 17 copper wire covered without care with 
common cotton. This electro-magnet, with its bobbins, was 


| inclosed in a large box, which required the strength of two 


he wire of the bobbins was, moreover, of 
The first 
trials of a wire of smaller diameter than the line wire for 
winding the electro-magnets of the Morse telegraph were 
made by me while Prof. Morse was in Europe, I had, in 
fact, substituted for the cumbersome electro-magnet of the 
apparatus a small receiving electro-magnet that occupied, as 
regards space, about half a cubic foot. I bad at that time no 
knowledge of the experiments that had been undertaken by 
Prof. Wheatstone in Europe. It was not till his return to 
America that Prof. Morse, upon introducing into bis appara- 
tus a small Wheatstone electro-magnet that he had brought 
with him, obtained from his system results that were trul 
advantageous, and itis only from this time that dates his 
success.” It was, then, through a scriex of successive mo- 
difications that the Morse apparatus finally became a practi- 
cal one; but, whatever be the sources whence the inventor 
obtained the idea of these improvements, and however ex- 
aggerated be his pretensions regarding the date of his inven- 
tion, we cannot refuse bim the merit of having finally pro- 
duced an apparatus that has contributed to « large extent to 
the development of telegraphy.—A. Guerout, in La Lumiere 
trique. 


men to lift it. 


THE DRAWBAUGH TELEPHONES. 


THE claims of Daniel Drawbaugh, of Eberly’s Mills, Pa., 
to the priority of invention of the telephone are upheld by 
the The People’s Telephone Company, who have adduced 
evidence of an interesting and, in a certain way, extraordi- 
nary, nature, in their defense, in the suit for infringement 
brought against them by the American Bell Telephone Com- 
any, and still pending in the New York Circuit Court. 
Mr. Drawbaugh places the date of bis first conception of the 
electrical transmission of articuiate speech as far back as 
1860. He claims that electric telephony had been an ac- 
complished fact with bim for a dozen years when will, 

















Edison, Gray, and the other claimants came upon the scene. 
The telepbonic apparatus said to have been used by him has 
been produced in court, and witnesses to the number of one 
hundred and forty-five appeared, who identified and picked 
out the instrument or instruments which they had seen and 
heard speak of in Drawbaugh’s shop, between 1867 and 1876. 
In this there is nothing extraordinary; but what is exceed- 
ingly strange, however, is the fact that these forms of appa- 
ratus all bear a more or less striking resemblance to the prac- 
tical forms of telephonic apparatus that have been used 
by Bell and others, and introduced in common use, It would 
appear, in fact, from the study of these instruments that 
not only had Mr. Drawbaugh invented the art of telephony 
before ievs, but that he had exhausted every one of the re- 
sources of invention which have been drawn from by sub- 
sequent inventors in their aim to improve the art. For our- 
selves, we admit that these wonderful coincidences have 
taken our credulity rather by surprise, and left us rather 
skeptical in presence of this vast array of testimony. We 
have therefore preferred to let others speak first, whose dis- 
interestedvess cannot be questioned, and we have pu 

deferred giving a description of these instruments until the 
present time, when we can express our own views by quot- 
ing the comments of some of our European contempora- 


es. 

The earliest form of Drawbaugh transmitter, said to have 
been used in 1866, is represented in Fig. 1. A flexiblecover, 
B, of membranous material, is stretched over the top of a 
china tea-cup, D. In the bottom of this cup is a mass of 
powdered material, F, resting on a metallic plate, to which 
one electrode is attached. A metal rod, C, extends down 
from the diaphragm, B, to a plate, E, that rests upon the 
powdered mass, for which Drawbaugh is said to have used 
many substances—brouze powder, finely divided metal, fine 
earth, etc.—though he ultimately adopted plumbago, pul- 
verized charcoal, and other forms of carbon. This transmit- 
ter is substantially like the Edison carbon-button transmit- 
ter, and even more clesely the made 
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by Signor Righi. The receiver (Fig. 2) used with this trans- 
mitter differs only in a few details from tbe first receivers 
used by Bell. A old mustard can, B, of tin, fastened on its 
side to a base board, A, is provided with a membrane, C, 
connected by a string, D, with an armature, F, supported 


) 





Fre. 2. 


by a spring,C, so as to be in front of the two poles of an elec 
tro-magnet, E, of U form, made of a coil of insulated wire 
wrapped around a bent piece of iron, Tbheconnections were 
made as in Fig. 3. 
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Fie. 3. 


In the apparatus of 1867-1868, some improvements are no- 
ticeable. The transmitter (Fig. 4), made of a jelly tumbler, 
was provided with a wooden mouth-picce, B, which is of 
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a form familiar to us all, and the carbon powder was sus- 
pended in a tray by the connecting wire,d d. In the re- 
ceiver (Fig. 5) the armature plate was fastened to the mem- 
brane itself instead of being connected to it by a string. 





This form. is identica: with a receiver made by Bell in 
1876. 


It was not until 1870, it seems, that Mr. Drawbaugh pro- | 


duced a telephone capable of working without a battery by 
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employing a permanent magnet. This instrument, shown 
in 6, is substantially like the “lecture model” used by 





Bell in 1877. Toward 1874 Mr. Drawbaugh would seem to 
have returned to the use of an electro-magnet excited by a 
battery. This apparatus is provided with means of adjust- 
ing the electro-magnet. This form (Fig. 7) is said to have 
been preserved complete, and to be still in excellent work- 





Fra. 7. 


ing order. In 1875 the receiver bad become transposed into 
the form shown in Fig. 8, which is almost identical in all 
details with a form of receiver commonly used bere and 
abroad. The magnet, D, is made of spiral form, and the 





Fra. 8. 


core, C, inside the wire coil, F, is made ae by means 
of ascrew. In 1876 appeared a very perfect and compact 
form of carbon transmitter (Fig. 9.). 

A plate diaphragm was used, and instead of loose carbon 





powder, blocks of hard retort carbon were employed. Fi 
nally, during the same year, Mr. Drawbaugh had Fare a 
practical commercial form to his apparatus. He had placed 
his transmitter in a box (Fig. 10) suitable to be fastened to 
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the wall and provided with a bell. What is more, he had 
put in an induction oil. This was, in short, the Blake trans- 
mitter almost as we find it to-day. All these improvements, 
it is suid. were in perfect operation at Eberly’s Mills in 1876, 
even while Prof. Bell was trying to make his crude appa- 
ratus reproduce a few incompleted syllables. Of course, in 
the face of one hundred and forty-five witnesses there is not 
much room to doubt, but, as a correspondent to the London 
Electrical Review says: 

‘*It seems almost incredible that the electric telephone, 
‘the greatest marvel hitherto achieved by the electric tele- 
graph,’ should have been conceived and brought to perfec- 
tion by ope man, and that man an uneducated workman, 
living far distant from the world of thought and action, and 
the whole accomplished within a period of ten years.” 

Our Fresch contem s Lumiere Hlectrique, says: 
“If this storv had happened some fifty years ago we could 
easily conceive that an inventor, removed from the centers 
of scientific and commercial life, might have produced 
wonderful inventions unbeknown to the outside world ex- 
cept to bis immediate surrounding. But the thing is almost 
inadmissible in our day, when reports spread with prodi- 
on rapidity. We cannot admit that Mr. Drawbaugh and 

is friends had not even a slight notion of the rapid progress 


of eg Ae 
An Italian electrical journal, Ii Giorno, says: “‘In fact, 





the resemblance of the Drawbaugh apparatus with that now 
in use gives rise to suspicions as to the date of their inven- 
tion—suspicions which the silence held concerning these 
instruments certainly does vot dispel; and it seems to us 
that the extraordinary claims of Mr. Drawbaugh need more 
ample confirmation.”—Electrical World. 





THE SOURCE OF ATMOSPHERIC ELECTRICITY.* 


WE have seen that, taking for granted the electrification 
of clouds, all the ordinary phenomena of a thunderstorm (ex- 
cept globe lightning) admit of eusy and direct explanation by 
the known laws of statical electricity. Thus far we are un 
comparatively sure ground. 

But the case is very different when we attempt to look a 
little farther into the matter, and to seek the source of atmo- 
spheric electricity. One cause of the difficulty is easily seen. 
[t is the scale on which meteorological phenomena usually 
occur; so enormously greater than that of any possible 
laboratory arrangement that effects, which may pass wholly 
unnoticed by the most acute experimenter, may in nature 
rise to paramount importance. I shali content myself with 
one simple but striking instance. 

Few people think of the immense transformations of energy 
which accompany an ordinary shower. But avery easy 
calculation leads us to startling results. ‘To raise a single 
pound of water, inthe form of vapor, from the sea or from 
moist ground, requires an amount of work equal to that of 
a horse for about half an hour! Thisis given out again, in 
the form of heat, by the vapor when it condenses; and the 
pound of water, falling as rain, would cover asquare foot of 
oven to the depth of rather less than one-fifth of an inch. 

hus a fifth of an inch of rain represents a horse-power for 
half an hour on every square foot; or, on a square mile, 
about a million horse power for fourteen hours! -A million 
horses would barely have standing room on a square mile. 
Considerations like this show that we can account for the most 
violent hurricanes by the energy set free by the mere con- 
densation of vapor required for the concomitant rain. 

Now the modern kinetic theory of gases shows that the par- 
ticles of water-vapor are so small that there are somewhere 
about three hundred millions of millions of millions of them in 
a single cubic inch of saturated steam at ordinary atmospher- 
ic pressure, This corresponds to 7s, or so of a cubic inch of 
water, é.é¢ , toabout an average raindrop. But if each of the 
vapor particles had been by any cause electrified to one and 
the same potential, and all could be made to unite, the poten- 
tial of the raindrop formed from them would be fifty million 
million times greater. 

Thus it appears that if there be any cause which would 
give each particle of vapor an electric potential, even if 
that potential were far smaller than any that can be indicated 
by our most delicate electromoters, the aggregation of these 
particles into raindrops would easily explain the charge of 
the most formidable thundercloud. Many years ago it oc- 
curred to me that the mere contact of the particles of vapor 
with those of air as they interdiffuse according to the kinetic 
theory of gases, would suffice to produce the excessively 
small potential requisite. Thus the source of atmospieric 
electricity would be the same as that of Volta’s electrifica- 
tion of dry metals by contact. My experiments were all made 
on a small scale, with ordinary laboratory apparatus. Their 
general object was, by various processes, to precipitate va- 
por from damp air, and to study either (1) the electrifica- 
tion produced in the body on which the vapor was precipi- 
tated; or (2) to find on which of two parallel, polished plates, 
oppositely electrified and artificially cooled, the more rapid 
deposition of moisture would take place. After many trials, 
some resultless, others of a more promising character, I saw 
that experiments on a comparatively large scale would be 
absolutely necessary in’ order that a definite answer might 
be obtained. I communicated my views to the Roval Society 
of Edinburgh in 1875, in order that some one with the re- 
quisite facilities might be induced to take up the inquiry, 
but Iam not aware that this has been done. 

1 may briefly mention some of the more prominent at- 
tempts which have been made to soive this curious and im- 
portant problem. Some of them are ludicrous enough, but 
their diversity well illustrates the nature and amount of the 
difficulty. 

The oldest notion seems to have been that the source of 
atmospheric electricity is aerial friction. Unfortunately 
for this theory, it is not usually in windy weather that the 
greatest development of electricity takes place. 

In the earlier years of this century Pouillet claimed to have 
established by experiment that in all cases of combustion 
or oxidation, in the growth of plants, and in evaporation of 
salt water, electricity was invariably developed. But more 
recent experiments have thrown doubt on the first two con- 
clusions, and have shown that the third is true only when 
the salt water is boiling, and that the electricity then pro- 
duced is due to friction, pot to evaporation. Thus Faraday 
traced the action of Armstrong’s hydro-electric machine to 
friction of the steam against the orifice by which it escaped. 

Saussure and others attributed the production of atmo- 
spheric electricity to the condensation of vapor, the reverse 
of one of Pouillet’s hypotheses. This, however, is a much 
less plausible guess than thatof Pouillet; for we could un- 
derstand a particle of vapor carrying positive electricity 
with it, and leaving an equal charge of negative electricity in 
the water from which it escaped. But to account for the 
separation of the two electricities when two particles of vapor 
unite isa much less promising task. 

Peltier (followed by Lamont) assumed that the earth itself 
has a permanent charge of negative electricity whose dis- 
tribution varies from time to time, and from piace to place. 
Air, according to this hypothesis, can neither hold nor con- 
duct electricity, but a cloud can do both; and the cloud is 
electrified by conduction if it touch the earth, by induction 
if it do not. But here the difficulty is only thrown back one 
step. How are we to account for the earth’s permanent 
charge? 

Sir W. Thomson starts from the experimental fact that 
the layer of air near the ground is often found to be strong- 
ly electrified, and accounts for atmospheric ately by the 
carrying up of this layer by convection currents. But this 

also only shifts the difficulty. 

A wild theory has in recent times been proposed by Bec- 
querel. Corpusclesof some kind, electrified by the out- 
bursts of glowing hydrogen, travel from the sun to the up- 
per strata of the earth’s atmosphere, 

Mtibry traces the source of electricity to a direct effect of 
solar radiation falling on the earth’s surface. 

Liidd< ns bas recently attributed it to the friction of aque- 
ous vapor against dry air. Some still more recent assump- 
tions attribute it to capillary surface-tension of water, to 
the production of hail, etc. 








* By Prof Tait. Read at the meeting of the Sevitish Meteorological 
Society da March 17, and communionted by the Society, 
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Blake, Kalischer, etc., have lately endeavored to show by 
experiment that it is not due to evaporation, or to condensa- 
tion of water. Their experiments, however, have all been 
made on too small a scale to insure certain results. What 
I bave just said about the extraordinary number of vapor 

articles in a single raindrop shows that the whole charge 
in a few cubic feet of moist air may altogether escape detec- 
tion. 

And so the matter will probably stand, until means are 
found of making these delicate experiments in the only way 
in which success is likely to be obtained, viz., on a scale far 
larger than is at the command of any ordivary private purse. 
It is a question of real importance, not only for pure science 
but for the people, and ought to be thoroughly sifted by 
means which only a wealthy nation can provide. 








PROF. HEYER ON COMETS, 
To the Editor of the Scientific American : 

In your SUPPLEMENT No. 433 there is an article (from the 
pen of Prof. Hughes) which sets forth exactly the same 
theory that I advanced in 1862 in New Orleans, and bave 
since illustrated before my classes in Homer College and else- 
where. Althoughit is not probable that the writer ever 
heard of my theory, yet as itis one which must eventually 
be universally accepted, I should like to be credited with 
priority of discovery. 

In 1881, I wrote an account of my views, which I mailed 
to you, and received an answer by letter restating the usually 
accepted incandescent theory, and in October, 1882, I wrote 
again on the same subject. 

As a short statement of the theory may be ary to 

our readers, I inclose an extract from my letter to Prof. J. 
orman Lockyer, dated March 6, 1888, in relation to 
theories advanced by him: 

1. If the tail of the comet indicates the waste of the head, 
we should look for the tail in the path which the comet has 
passed over. Instead of this, we find the tail at an angle 
(more or less great) with the orbit. The comparison of the 
tail to the “‘ smoke of a locomotive at high speed” is hardly 
admissible, as it is the resistance of the air which causes this 
appearance. Were there no atmosphere, the smoke would 
accompany the engine, no matter how great its speed. 

2. According to the laws of gravitation, the tail, if com- 
posed of matter, would surround the comet as the atmosphere 
does our earth, instead of following after it. 

We have no evidence of the atmospheres of the planets 
trailing behind them, vor would it be possible for matter to 
stay away from its center of attraction. 

3. Attraction does not act along a lioe, but from a center. 
We cannot imagine a mass of gaseous or other matter, 
mary millions of miles long, forming itself into a 
conical shape in obedience to any law of attractioa with 
which we are acquainted. Even supposing that this could 
be the case, the tail would then fly toward the sun in ad- 
vance of the comet, instead of following after. 

4. An objection to the incandescent theory of the tail is 
that it would manifestly be impossible for a particle of mat- 
ter to retain its heat at the temperature of incandescence for 
so long atime, and at so great a distance from its source, the 
bead of the comet. 

5. Were the particles of matter, said to compose the tail, 
continually emenating from the head, the ultimate destruc- 
tion of the comet would be a matter of a few hours, instead 
of thousands of years. 

No matter how etbereal the substance, the loss of several 
billions of cubic miles of matter per day could not go on 
without exhausting its suurce. 

6. The great velocity with which the comet passes around 
the sun necessitates an enormously ter velocity of the 
tail, especially of those parts near the end. If we reflect 
upon the circumstance of an immense column of vapor, or 
of solid particles, switching around the sun at such an in- 
credible speed and still preserving its integrity as a column, 
we shall see the absurdity of the idea. 

7. The light of stars seen through the comet’s tail is not 
refracted, as it would be were the tail composed of gaseous 
matter or of minute solid particles. 

8. Were the tail an electrical emanation from the head, 
as some maintain, it would manifestly extend between the 
comet and the sup, instead of away from both. 

Electricity must act detween two points—there must be a 
connection, a circuit, before we have electrical results, 

There is certainly no fact in electrical science better es- 
tablished than this. 

I think that these considerations are sufficient to show that 
the comet’s tail is neither matter nor electricity. 

Neither is it demonstrable that the comet itself (¢. ¢., the 
head) is self-luminous. 

As an offset to the popular theories, I offer my own as 
affording a reasonable explanation of all the phenomena 
presented by these bodies. I have held this theory for over 
twenty years, and have frequently explained it in lectures. 

According to this theory, the comet’s head is composed of 
a nearly transparent mass of nebulous or gaseous matter, 
considerably condensed at the center, forming the nucleus, 
This is illuminated by the sun, and rendered visible to us. 
This mass of matter alsoacts as a lens, and the sun’s rays 
passing yer form a long cone of light similar to that 
produced by the sunlight shining through the lens of a solar 
camera.* 

In the former case, the cone of light from the comet’s 
head may be seen iu the same manner reflected from the 
particles of ether. 

The nucleus, being denser than the other parts, casts a 
shadow, which we see in the dark streak through the mid- 
die of the tail. It may be —— that we could not see 
this cone of light sidewise, as it would be of no greater in- 
tensity than the sunlight continually streaming through 
space, but if the objector will place a lens in the sunlight, 
and shake a little dust or smoke in the light, the cone of 
transmitted light will be distinctly seen, notwithstanding 
the presence of the other rays which are not refracted. 

If we suppose the rear portion of the comet to be i 
in shape, having facets or irregularities, these facets will re- 
fract the sunlight at different angles, and we will have a 
comet with more than one tail. e disturbances going on 
in the body of the comet itself may also modify the - 
ance of the tail. The increased brightness on nggnenthing 
the sun is what we would naturally expect. , 

In the case of comets whose tails have disap) on their 
approach to the sun. they probably were seen o us end wise, 
or else the action of the sun ° , matter of the comet 
sendin it opaque, so that ‘no longer trarsmit 
ight. 5 is Fr Ai Teese 

The curvature of the tail ma : 
the fact that the end of the ta 


* Itis necessary to stand at some distance 














the head, the light takes longer to reach us, and meanwhile | on top; but as the ventilator must be filled with sawdust to 
the head has moved forward some distance, so that we see | witbin one inch of the top of the tubes, it serves for the 
the old position of the tail and the new position of the head | bottom packing. Make the outer box so that there will be 
at the same moment; consequently the tail appears curved. | room for filling all around the inside box with sawdust, and 


the tank against pressure of water on the sides, and to assist 


preparations, 
there will 


Our — with respect to the comet also modifies the 
length and curvature of the tail. 
W. D. Hever. 


Elizabeth, April 25, 1884. 





HOW TO MAKE AN INCUBATOR 


EXPERIMENTS with the incubator here given have been 
made all over the country, It is one that isin actual use, 
and has always given satisfaction. Having secured permis- 
sion from the originator, we here illustrate it for the benefit 
of our readers. 

To make this incubator, get your tinner to make you a 
tank fifteen inches wide, thirty inches long, and twelve 
inches deep, of galvanized iron orzinc, the iron being pre- 
ferable. On the top shouldbe a tube one inch in di- 
ameter and eight inches high. In front should be another 
tube, nine inches long, to which should be attached a spigot, 
as illustrated in 2. ving made your tank, have what is 
called the ventilator made, which is a box with a bottom but 
no top. The ventilator should be eight inches deep, and 





Fie. 1.—THE HOT WATER INCUBATOR. 


one inch smaller all round than the tank, as the tank must 
rest on inch boards. In the ventilator should be four or six 
tin tubes, one-half incb in diameter, and six inches long. 
They should extend through the bottom, so as to admit air 
from below, and to within two inches of the top, or a little 
less. Now make an egg drawer, which is a frame of wood, 
three inches deep, having no topor bottom, except that the 
front should be boxed off and filled with sawdust, which is 
covered over afterward with a piece of muslin, to keep the 
sawdust from spilling. This box in front of the drawer ex- 
actly fits the opening in Fig. 3, when the egg drawer is in 
its place. Of course the egg drawer must be made longer 
than the tank and ventilator, in order to allow for this space 
which it fills in the ay which is the packing all 
around the incubator. The bottom of the egg drawer should 
be made by nailing a few slats lengthwise to the under side, 
or rather, fitting them in nicely, and over the slats in the 
inside of the drawer a piece of thick, strong muslin should 
be tightly drawn. Ou this muslin the eggs are placed, in 
the some position as if laid in a hen’s nest, and it allows the 
air to pass through to the eggs for ventilation. The eggs 
can be turned by hand, marked for designation, or an egg 
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Fig. 2.—THE TANK. 


Observe that the tubes on the top and the spigot are quite 
long, in order that they may extend through the pack- 
ing of sawdust which is to surround it. This tank is 
to have a close-fitting covering (top and sides) of wood, 
to resist pressure of water. The bottom is not to be 
covered, 


turner may be made by fastening slats crosswise to one on 
each side running lengthwise, something like a window 
lattice, and when the eggs are placed between these slots, by 
merely pushing the frame the eggs will turo over, exactly 
on the same principle that an egg will roll when it is pushed 
by a block, a book, or anything else; but we believe the 
method is patented, and do not advise infringement. 
Having prepared the tank, let it be covered with a box, 
but the box must not have any bottom. This is to protect 


in retaining heat. Such being done, place your ventilator 
first, egg drawer next, and tank last. Now place a support 
under the tank and the box, or buve them rest on rods, and 
as the weight of water will be great in the center, the iron 





Fie. 3.—DRAWER OPENING. . 


Shows the thick packing, which is noticed at the opening. 
This extends all around. The front of the egg drawer 
(Fig. 4) fits in its place in order to complete the sur- 
aes packing, when the incubator is closed, as at 

ig. 1. 


rods should be placed crosswise under the tank every six 
inches. Now fasten the three ts (ventilator, e 
drawer, and tank) together, with nailed to the sides 
and back and front (of course leaving the opening for tbe 
egg drawer), care being taken to drive no nails in the egg 
drawer, as it must move ip and out, and should have a 
mg strip to rest on for that purpose. Having completed 
make a larger box to go over all three 





| also on top, being careful to let the tube for pouring in the 
water come through, as also thespigot in front. About 
four inches or so thickness of sawdust is sufficient, accord- 
ing to preference. The front of the incubator must be 
acca also, but an idea of how it should be done may be 
| learned by observing the opening in Fig. 3, which is so con- 
| structed that the box in front of the egg drawer, 4, exactl 
| fits into it, and completes the packing wher the drawer is 
|shut. The incubator should be raised from the floor about 
}an incb, when completed, to allow the air to pass under and 
thence iuto the vevtilator tubes. 
The incubator being complete, the tauk is filled with boil- 
ing water, It must remain untouched for twenty-four 
| hours, as it requires time during which to heat completely 
|through. As it will beat slowly, it will also cool slowly. 
| Let it cool down to 120°, and then put in the eggs, or, what 
| is better, run it witbout eggs for a day or two iu order to 
| learn it, and notice its variation. When the eggs are putin, 
| the drawer will cool down some, All that is required then 
| is to add about a bucket or so of water once or twice a day, 
but be careful about endeavoring to get up heat suddenly, as 
the heat does not rise for five hours after the additional 
bucket of water is added. The tank radiates the heatdown 
on the eggs, there being nothing between the iron bottom of 
the tank and the eggs, for the wood over and around the 





Fic. 4.—THE EGG DRAWER. 


The space just in front of the egg is the portion partitioned 


off to fit in the opening at Fig. 3. The egg drawer is 
therefore longer than the tank and ventilator. 





tank does not extend across the bottom of the tank. The 
cool air comes from below in the ventilator pipes, passing 
through the muslin bottom of the egg drawer, to the eggs. 
The 15x30 inch tank incubator holds 100 eggs if turned by 
hand, but less if the eggs are placed between slats. Lay the 
eggs in, the same as in a nest, promiscuously, 


DIRECTIONS. 


Keep the heat inside the egg drawer as near 103° as possible; 
the third week at 104°. Avoid opening the egg drawer fre- 
| quently, as it allows too much escape of heat. Be sure your 
| thermometer records correctly, as half the failures are due to 
‘ incorrect thermometers, and not one in twenty is correct. 
' Place the bulb of the thermometer even with the top of the 
eggs, that is, when the thermometer is lying down in the 
drawer. The upper end should be slightly raised, so as to 
allow the mercury to rise, but the bulb and eggs should be 
of the same heat, as the figures record the heat in the bulb 
and not in the tube. Keep a pie pan filled with water in 





Fie. 5.—THE VENTILATOR. 


The tubes admit air from below, which into the egg 
drawer above through the muslin bottom of the Hind 
drawer, to the eggs. The eggs rest upon the muslin, 
which is tightly drawn over varrow elats running length- 
wise the bottom of the drawer. 


the ventilator for moisture, and keep two or three moist 
sponges in the egg drawer, displacing a few eggs for the 
purpose. Turn the eggs balf — round twice a day at reg- 
| ular intervals. Let the eggs cool down for fifteen minutes 
| once every day, but do not let them cool lower than seventy 
degrees. No sprinkling is required if the sponges are kept 
moist. If the heat gets up to 110°, or as low as 60° for a 
little while, it is not necessarily fatal. Too much beat is 
more prevalent than too little. A week’s practice in operat- 
ing the incubator will surprise one how simple the work is. 
The tank will be troublesome to fill at first, but the matter 
will be easy after it is done, as it can be kept hot. Heat the 
| water in two or more boilers, as a large quantity will be re- 
| required, and pour it in through the tube on top of the incu- 
bator boiling hot, using a funnel in the tube for the purpose, 
Just at the time of hatching out do not be tempted to fre- 








Here we remove the front of the incubator in ofder to, sbow 
the positions of the ventilator, egg drawer, and tank. 
First the ventilator, then the egg drawer (which of 
course should be longer than the others in order to fit in 
the opening shown at Fig. 3, but which we did not do 
here in order to mark the places), and on the top is the 
—- When the front is completed, the incubator is seen 
at Fig. 1. 


quently open the drawer. Cold draughts are fatal. Patience 
must be exercised. . 
BROODERS. 








and 


be a space on the sides, back, front, 


An excellent brooder may be made with a tank of hot wa- 
ter, covered wel the same as the incubator. A piece of 
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muslin or woolen cloth should be next the bottom to prevent 
burning the chicks Keep the heat among the chicks at 
about ninety degrees. Let the tank rest ov inch boards, 
with no opening under it, but, in front, a fringe should — 
in front for the chicks to run in and out under the tank, 
little yard may be constructed of glass sash, something like 
a hot-bed. Feed the chicks four or five times a day, at first 
oo hard boiled eggs, chopped fine, giving them also a little 
milk, tine screenings, and millet sced. After they are a week 
old feed anything they can eat, but never fee d meal in a 
raw state, as it should be scalded first. Keep a little sand, 
tine gravel, and bone meal within reach of them all the time, 
und see that they are always dry, clean, and warm Do not 
crowd them, as the fewer the number together the better, and 
vever have different ages together 

This incubator will hatch chicks, ducks, turkeys, or guineas, 
and we see no reason why it should not hatch the egg of the 
ostrich or anything else as well. “Chicks hatched by incuba- 
tors, if rightly cared for, do better than with hens, aud are 
stronger and more vigorous, 

We have endeavored here to embody all 
questions that we suppose may be asked. Should you be 
in doubt, read the directions carefully again. We trust that 
witb the help of our illustrations our readers will have no 
difficulties in the way.— The Poultry Keeper. 


the answers to 


SUBMARINE EXPLORATIONS.* 


Astwe from the sounding and dredging apparatus on 
board the Talisman there were special instruments that 
served for collecting water at different depths. It was, in 
fact, very important to know the composition of the ocean 
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and then by the valve, was designed to absolutely prevent} At every sounding there was thus brought on board a 
the introduction of the liquid that they were to traverse | specimen of water from the bottom toucbed, and this was 
upon being drawn up, as well as an expansion of the gases | easily preserved by at once sealing the tube that contained 
contained in the water that they held, j it. 

These gases, as a consequence of the rapid decomposition! Dredgings at great depths require considerable time for 
that they underwent, had, in fact, a very strong tendency | their performance, so it often happens that the net that 
to escape. But the expansion that thus occurred in the in- | has been sent to the bottom can be brought on board again 
terior of the bottles had for effect (as pointed out by Mr. | only at a late hour in the day. In the tropics, where most of 
Milne Edwards in bis report upon the cruise of the Travail- the cruising of the Talisman was done, night came on early, 
leur) *‘to press more strongly against the rubber valves and | for twilight in these regions is of but very short duration, 
to close the apertures more perfectly.” | To offset this disadvantage precaution was taken during the 

When water was thus taken from great depths, care was | fitting up of the Talisman to put in electric apparatus capa- 
always bad to collect a specimen from tbe surface and to ble of yielding a sufficiently bright light to make it possible, 
note its temperature, so as to obtain a point of comparison. | when the trawl was brought on board at night, to search 





water at the depth at which a given fauna lived, in what 
proportions gases were dissolved therein (sometimes at pro 
found depths), and finally what degree of salineness it pos- 
sessed. 

This kind of research had already occupied the naturalists | 
on board the Challenger and Blake. Duriug the course of 
the cruise made by the Travaiileur in 1882 in the Gulf of | 
Gascony, along the coasts of Spain and Portugal, and in the | 
Mediterranean, water was brought up from the greatest 
depths by means of apparatus constructed according to plans 
devised by Mr. E. Richard, assistant to Mr. Villegente. 

The result of these first trials was excellent, and Mr. 
Bouquet de la Grye, to whom had been intrusted the exam- 
ination of the specimens obtained, gave a resumé of his re 
searches in a memoir presented to the Academie des Sciences, 
and different and very important facts relative to the physics 
of the globe are therein called attention to by this learned 
hydrographic engineer. 

On board the Talisman the water bottles used were those 
that had been employed during the cruise of the Travail- 
leur. Each of these apparatus consists of a very thick me- 
tallic tube terminating at either end ina truncated cone. Un- 
der the upper of these latter and over the lower one there is | 
acock that closes by means of a long lever projecting out | 
of the apparatus like the one in the reversible thermometer 





Jer 


Fig. 2.—EFFECT OF SEA-PRESSURE 





UPON CORK. 


already described. If this cock be opened the lever will 
assume a horizontal position, but if, on the contrary, it be 
closed it will become vertical. 

This cock is constructed in a very peculiar manner. 
When it is opened its key rests upon an iuternal central rod 
to which is adapted a rubber valve that closes an aperture in 
an internal partition situated beneath it. The valve is then 
lifted, und the water can enter the cylinder freely. If, on 
the contrary, the valve is closed, the extremity of the inter- 
nal central rod fits into a cavity in the key. The valve, 
under the action of aspring, falls and hermetically closes the 
aperture in the internal partition. 

The apparatus was used as follows: The extremity of a 
hemp sounding line, arranged in several coils and supported 
upon large borizontal wooden rods, was loaded with a very 
heavy weight. The line thus placed was wound up and 
pissed a few times around the large drum of the lifting 
windlass, and then, by means of pulleys arranged in a pe- 
culiar way, it was raised obliquely above and outside of the 
vessel. 

To the extremity that was thus hanging over the water, 
there was attached a weight that varied according to the 
depth that was to be reached. After this a bottle with 
open cocks was fixed along the line. The lever of these 
cocks had consequently a horizontal position. Above the 
water bottie there was attached a reversible thermometer, in 
order that the temperature of the water that was to be col- 
lected might be accurately ascertained. 

These arrangements made, the apparatus were lowered 
into the sea, and five hundred meters of line were paid out. 
As the velocity of descent kept gradually increasing, and 
might bave become too great, the windlass brake was made 
to act and thus render the motion regular. When the five 
hundred meters of line had been paid out, another bottle 
and thermometer were affixed to it and another five hun- 
dred meters were unwound, after which another set of ap- 
paratus was affixed, and so on. 

The number of apparatus thus placed depended upon the 
depth that existed at the spot where observations were be- 
iug made. During their entire descent the lower and upper 
cocks were open, and a current was set up in the interior of 
the bottles, the water entering through the lower orifice and 
making its exit from the upper. When the desired depths 
were reached the line was prevented from unwinding fur- 
ther and the apparatus were allowed to remain for some little 
time in place. 

Then there was allowed to fall from the hoat a heavy cast 
iron ring, through the center of which passed the line that 
supported the bottles and thermometers. The thickness of 
the ring and the diameter of its opening were so calculated 
as to permit it to pass over each bottle and thermometer, 
and depress their levers without any danger of getting fas- 
tened to them. The motion of the levers brought about in 
the first place an inverting of the thermometers, and in the 
second aclosing of the cocks 

At the moment the latter closed, the interior, central rods, 
both lower and upper, became disengaged, and the valves 
applied themselves against the internal orifices of the bot- 
tles. The double closing thus effected. first by the cock, 


~® Continued from page 6907. 











Fie. 1.--EFFECT UPON A FISH (NEOSCOPELUS MACROLEPIDOTUS) OF THE EXPANSION OF ITS 


SWIMMING BLADDER UPON REACHING THE SURFACE. 


The collecting of specimens of water from great depths was, 
as may be gathered from the preceding expose, an operation 
that took quite a good deal of time. So on board the Talis- 
man an endeavor was made to simplify the maneuvers when 
it was desired to obtain water, not for a study of the gases 
that it contained, but simply to look for any germs that it 
might hold in suspension. 


out with the greatest care all the objects collected, however 
small they might be. 

With this end in view, a Gramme machine that Col. 
Perrier bad had the kindness to loan was set up on the 
bridge. This was actuated by a second Brotherbood motor 
placed alongside of the Thibaudier sounding apparatus, and 
was put in communication with a series of Edison lamps 


he following was the process employed: Thick glass 
tubes, drawn out at their extremities, and closed by means 
of a glass-blower’s lamp after a vacuum had been created in 
them, were attached to the metallic tube that inclosed the 
thermometer. They were fixedin such a way that when 
the latter turned over, one of their tapering points struck 
the lower part of the thermometer frame and broke off. 
Thereupon the water rushed into the tube, from which it 
was unable to escape owiug to the small diameter of the 
inlet oritice. 





that lighted either the net or the interier of the laboratory. 
At the same time it communicated with a regulator that 
permitted of projecting a bright light upon the sea. The 
coming of the net to the surface was thus very easily 
waiched. 

Lt. Jacquet had in charge the management and surveil- 
lance of these apparatus, and we are happy to state just here 
that, thanks to his devoted aid, our night researches were 
rendered very easy and extremely successful. 

The Edison lamps were not only used for lighting the 
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Fie. 3.—NEOSTOMA BATYPHILLUM, FROM { DaEse Or 2,220 METERS. (Slightly reduced.) 
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vessel, but were also at different times let down into the sea 
in order to attract fishes into nets that had been previously 
set. No idea can be formed of the beauty of the spectacle 
that was to be seen when these brilliant, luminous foci were 
let down into the water. ‘The sea all] around them lighted 
up with the most brilliant and most changeable tints, that 
made it seem as if we had before our eyes some of those 
beautiful meduse which, like luminous disks, rise, descend, 
roli, and disappear amid the waves in order to exhibit them- 
selves a few instants afterward more brilliant than ever. 
Now that we have succinctly made known the means for re- 
search that the committee upon the Talisman had at its dis- 
posal, it remains for us to speak of the value of the harvest 
that it gathered. In the first place, we must say that the 
latter much exceeded all the hopes that had been conceived, 
and visitors who attend the exhibition (at the Jardin des 
Plantes) of the collection that has been made within the 
short space of three months, will be surprised at the abun- 





d:ince and variety of the animal forms submitted to their in- | 


spection. 

The state of preservation of the animals is especially re- 
markable, the fishes alone seeming to be slightly spoiled. 
These latter animals, contrary to what might have been ex- 





| apparatus when lowered to great depths may be appreciated| It was amid the floating vegetation formed of sar, 

by seeing the change that occurs in one of their constituent | that the second species of surface fish just mentioned was 
parts. In order to hold the neck of the trawl-net wide seen. The Antennarius marmoratus is one of the strangest 
open there is arranged in the interior of the latter a series of ' animals ever observed, Its back is provided with long ap- 
large cork disks strung upona cord. These disks before be- | pendages, and its fins, which are elongated, enlarged at their 
ing used have quite a large diameter, but after a few days’ | extremities, and digitate, serve it after a faslion as paws by 
use they exhibit no more than half their first dimensions. | means of which it circulates among the alge that shelter it. 
Under the influence of the great pressure that they have | At the time of reproduction it constructs a nest by forming, 





been obliged to undergo the tissues of which they are com- 
posed become greatly compacted, and they take on at the 
same time the consistency of a piece of wood. In Fig. 2 
we reproduce, side by side, two such cork disks, one that 
has been employed and one that has not. The reductions | 


through tough, slimy filaments, balls of sargasso upon 
which it deposits its eggs. These balls float, buffeted by 
the waves, and when the young are hatched they probably 
find in the interior of them a secure asylum, 

The Antennarius, like all animals living in the midst 


are made to the same scale. |of the Sargasso, such as crustaceans, mollusks, etc., pos- 


During the cruise of the Travailleur, the submarine ex- 
ploring apparatus left much to be desired, and the capture 


sesses the same tints as this alga. The color of their bodies 
—marbied with brown, yellow,and white—entirely harmon- 


of fishes was of so rare occurrence that Mr, Milne Edwards | izes with that of the environment by which they are sur- 
says in his reports that the taking of one of these animals | rounded, and it is only by paying minute attention in re- 


‘*was considered as a genuine event.” 
| the same this year during the cruise of the Talisman, thanks 
to the use of the trawl-net. Nearly all the dredgings were 
followed by the capture of a few fishes, and sometimes the 
number of individuals brought aboard was surprising. Thus 








Fia.4.—MACRURUS GLOBICEPS, FROM A DEPTH OF BETWEEN 1,400 AND 5,000 METERS. (‘¢ Natural Size.) 


pected, could not withstand violent shocks, after entering 
the net. Their alteration is due simply to the phenomena 
of decomposition that they necessarily underwent. There 
always exists in fisbes a very singular organ consisting of a 
closed bag situated over the intestines, against the vertebral 
column. The presence of this apparatus, called a swimming 
bladder, which by its mode of development seems to corre- 
spond to lungs, permits fisbes to rise or descend in water 
with great facility. In a fish taken at quite a great depth and 
brought to the surface, the gases inclosed in this bladder 
continue to expand to a greater and greater volume. It re- 
sults that the bladder finally, as a consequence of such ex- 
pansion, exerts great pressure upon the abdominal wall, 
which, progressively ceding, gradually loses the scales with 
which it is covered. When the expansion of the bladder is 
pushed to its last limits, its fore extremity is observed to re- 
pel the stomach, penetrate the mouth, and finally project ex- 
ternally. The pressure that it then exerts upon the top of 
the buccal cavity is such that the latter gives way under the 
stress, and the eyes are finally expelled from their sockets. 
We have e :deavored in Fig. 1, taken from a specimen at the 
exhibition, to show i1 what state fishes taken at great 
depths reach the surface. 


The enormous pressure that is exerted upon the fishing ' 





Fie. 5.—EUSBOMIAS OBSCURUS, FROM A 


Jon the 29th of July, in lat. 16° 52’ and long. 27° 30’, there 
| were taken ina single haul of the net 1,031 fishes. The 
| depth was 450 meters. 

he most interesting surface fishes to mention are the 
large sharks and a smal! species peculiar to the Sargasso Sea 
—the Antennarius marmoratus (Bl. Sch.) 

Sharks (Charcarias glaucus) were especially noticed be- 
tween Senegal and the Cape de Verd islands. They followed 
our vessel in numerous bands, and we often saw them ac- 
companied by their ‘‘ pilots,” that is to say, fishes known to 
| the ancients as Pompilius, and designated by our present nat- 
|uralists as Nauerates ductor. It seems that the Nauerates 
serve as guides to the sharks, and that the latter, out of 
| gratitude for the services that they render, never bunt them. 
| It is certain that the Nauerates that wesaw were living in 
| perfect accord with the sharks, They swam around them 
and sometimes placed themselves against their bodies. be- 
| neath the pectoral fin. These fishes, whose form closely re 
| callsthat of the mackerel, were of a grayish blue, darker 
| toward the back than upon the belly. Their body was sur- 
| rounded with wide vertical bands of a beautiful blue. The 
| pectoral fins were whitish, and the ventral were black, 
| while the tail had a blue tint. We found the same species 
of shark in the Sargasso Sea. 











It was no longer | searches that they can be detected. 


It is evident that this 
similitude between the color of the body and the color of the 
|environment results in allowing the animals to more easily 
hide themselves and thus succeed in escaping the searches of 
| theirenemies. But, as Mr. Milne Edwards has observed, al- 
| though the livery of the sargasso can be considered as a pro- 
tection to the animals that wear it, it becomes in certain 
cases a danger for them, since, owing to it, the carnivorous 
species that have assumed it can very easily approach tbeir 
Py without being perceived. 
he bottom fishes taken by the Talisman are referable toa 
large number of gevera and species. An examination of 
them gives us a series of general facts of the highest interest, 
The first question that we may ask ourselves in studying 
them is whether there exist genera and species of fish that 
are characteristic of given depths, that is to say, whether 
\ the fish fauna is different at successive depths of one, two, 
three, four, or five thousand meters? This question we can 
answer in the affirmative, since it appears from the dredg- 
ings made that certain species have a perfectly limited dis- 
tribution. In order to reach this conclusion it required nu- 
merous researches, in consequence of the strange fact that 
| certain species of fishes are found in the sea at depths of 
| from 600 up to nearly 3,000 meters. Thusa fish presenting 
the same organic structure is capable of living under pres- 
| sures varying from a half ton toone and two tons and 
}even more. After this it may be asked bow itis that char- 
| acteristic formsexist at definite depths, since, in the pres- 
ence of so large zones of distribution, it would seem that the 
| fauna of the abyss ought to remain thesame, The explana- 
| tion of this so singular a fact, is that the fishes that we find 
| at from 600 to nearly 3,600 meters depth do not continually 
j inhabit the same localities. They exhibit themselves as 
| travelers; they rise and descend successively in the abysses of 
the sea, and, when they perform these journeys, they move 
gently. so as toundergo slow expansions oad cuamaainae, 

Ye shall mention some of the species that have permitted us 

to learn about these so remarkable peregrinations. Thus we 
found the Alepocephalus rostratus ut from 868 up to 8,650 
meters, the Scopelus maderensis at from 1,090 to 3,655 meters, 
Lepioderma macrops at from 1,153 to 3,655, and Macrurus 
affinis at from 590 to 2,220, or for the four species areas of 
distribution in depth ranging from 2,782, 2,561, 2,502, and 
2,000 meters, We might multiply such examples, but those 
| cited appear to be sufficient to show that the organism of 
fishes of certain depths is such cbat it is capable of enduring 
enormous pressures without suffering therefrom. The forms 
| of the fishes just mentioned have nothing peculiar to attract 
one’s aitention and to distinguish them from those proper to 
the fishes that live near the surface. Their dental system is 
highly developed, and this feature shows that they are car- 
nivorous (Fig. 3). Carnivorous characters are found in all 
| fishes that live continually at depth below 660 meters. This 
is due to the fact that, in consequence of the absence of 
| light, vegetation rapidly disappears at the bottom of the sea, 
| and therefore all species that do not rise to within 150 me- 
| ters of the surface (the point where the last alge are met 
| with) are forced to hunt animal food, 
In Fig. 4 we represent one of these species of fishes—the 
| Macrurus globicepsp—whose area of distribution, according to 
the depth, is included between 1,400 and 8,000 meters, This 
| new species has been described by Mr. L. Vaillant. 
| Although the fishes that occasionally visit great depths do 
| not present abnormal! forms, the same is not the case with 
| those that continuously inhabit great ocean depths. There 
is nothing surprising in this fact, since the organism of these 
| animals has bad to undergo profound modifications in order 
| to adapt itself to very peculiar conditions of existence. The 
influences to which fishes at great depths are submitted are 
multiple. Where they dwell both lightand vegetation are 
abseut ; proceeding to a certain depth, the temperature of 
the medium in which they are placed is equaliaed: aod final- 
ly the water at the depth at which they live isalways calm. 
he modifications succeeding these different actions bave an 
influence upon the structure of the tissues, the increase of 
the eyes,tbe development of the organs of touch,and the col- 
oration. 

Besides, in fishes at great depths there are found organs 
that are unknown in ordinary ones, and the function of 
which consists in the disengagement of phosphorescent light, 
thus making up for the light of the sun, which is entirely 
absent. 

The changes that the tissues have undergone are seen in 
the structure of the skin, muscles, and bones, The skin is 
thin and always deprived of bright colors, the tints that it 
exhibits varying from grayish to a velvety biack (Fig. 5). 
The scales, often of reduced size, are scarcely fixed, and the 
friction that they undergo during the hauling up of the drag- 
net suffices to detach nearly all of them. Phe muscles ure 
of a soft consistency, and constitute a food that is not very 
agreeable and that is deprived of flavor. The bones are 
composed of a friable tissue, and their interior is spongy. 

In fishes that live continuously at depths to which a few 
rays of light still penetrate the eyes become very large, in 
order to-offer a greater sensitive surface. This fact recalls 
that which we observe in crepuscular birds, whose organs of 
vision are likewise highly developed. In fishes living at 
very great depths this increase in the size of the eyes is not 
observed, these organs preserving their normal size, and 
possessing nothing peculiar either in their arrangement or 
structure. Their operation in a completely dark medium 
seems at first sight incomprehensible. It is explained how- 
ever when we find that the animals to which they telong 
— phosphorescent orguns, or else are covered with a 
uminous mucus capable of projecting light to quite a great 
distance. 

The phosphorescence that fishes at possess 
must serve them on the one hand to guide them and on the 
other to attract prey to them. It subserves the same pur- 
pose to them in the latter case that a torch does in the hands, 





t depths 





DEPTH OF 2,700 METERS. (Natural Size.) 


of a fisherman,’ This fact has long been known as regards 
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surface fish that hunt at nigbt. Thus, Bennet bas made 
known a species of shark remarkable for a brilliant green 
phosphorescence that is given off from the entire lower part 
of its body. This learned zoologist, having one day carried 
an individual of this species that be had captured into a 
room, the latter was immediately filled witb light disengag- 
ed from the animal's body. The light was increased neither 
by motion nor friction. After the shark’s death the light 
from the belly first disappeared, and the jaws and fins were 
the last parts to remain phosphorescent. The different 
species of sharks which are found only at depths of two 
thousand meters, and several examples of which, taken off 
the coast of Portugal, figure at the exhibition, must, like the 
fish Bennet speaks of, use the light which they emit for at- 
tracting animals that serve them as food. What is the origin 
of this mucus that possesses so brilliant an illuminating 
power? It appears that it must be referred to grandular 
organs that are distributed along the sides and the tail, and 
sometimes, but more rarely, upon the back. But, in addi- 
tion to these grandular organs, there exist in certain fishes 
apparatus of an entirely different nature that serve to emit 
light. These organs consist of a sort of translucent bicon- 
vex lens that in front closes a chamber filled with a trans- 
parent liquid. This chamber is lined with a blackish mem- 
brane (composed of hexagonal cells) which recalls the re- 
tina of the eye, and which is connected with the nervous 
branches. he phosphorescent apparatus thus formed are 
placed either under the eyes or upon the lateral portions of 
the body. Some zoologists consider these organs, because 
of the quasi-retinal membrane that lines them, and of its 
connection with the nerves, 4s a sort of accessory eyes. 
Such an opinion seems to be very difficult to admit, when we 
consider the normal development of the eyes, and it seems 
much more rational to suppose that they serve simply for 
roducing a light, which, thanks to the sort of lens that lim- 
ts them in front, may be condensed upon a given point. 
Deep sea fishes appear to move very little. They evidently 
live buried in the slime, since we constantly remark upon 
those that are taken particles of mud incrusted upon some 
parts of their body. A few rays of their fins are often di- 
verted from their habitual function and become organs of 
teuch. One of the most remarkable of such deviations is 
offered by afish that we took off the coast of Africa—the 
Melanocetus Johnsoni, In this animal, which was unknown 
except from a single individual found dead upon the sur- 
face of the sea in the vicinity of Madeira, the first ray of the 
dorsal fin develops and forms a true tactile appendage that 
must serve the same purpose as that of the baudroie. In 
this latter fish there likewise exisis a tentacle placed at the 
extremity of the first ray of the dorsal fin. The baudroie 
lives amid sand or mud, out of which it hollows a cavity by 








session of that virtue by my countrymen—I speak as an 
Irishman—lI say the large possession of the seventh sense, 
which I believe Irishmen bave, and the éxercise of it, will 
do more to alleviate the woes of Ireland than even the re- 
moval of the melancholy ocean which surrounds its shores. 
Still I cannot scientifically see how we can make more than 
six senses. I shall, however, should time permit, return to 
this question of a seventh sense, and I shall endeavor to 
throw out suggestions toward answering the question—Is 
there, or is there not, a magnetic sense? It is possible that 
there is, but facts and observations so far give us no evidence 
that there is a magnetic sense. 

The six senses that I intend to explain, so far as I can, 
this evening, are, according to the ordinary enumeration, the 
sense of sight, the sense of hearing, the sense of smell, the 
sense of taste, and the sense of touch, divided into two de- 
partments. A hundred years ago Dr. Thomas Reid, Pro- 
fessor of Moral Philosopby in the University of Glasgow, 
pointed out that there was a broad distinction between the 
sense of roughness or of resistance, which was possessed b 
the hand, and the sense of heat. Reid’s idea has not I think 
been carried out so much as it deserves, We do not, I believe, 
find in any of the elementary treatises on natural philosophy, 
or in the physiologists’ writings upon the senses, a distinct 
reckoning of six senses. We have a great deal of explana- 
tion about the muscular sense, and the tactile sense; but we 
have not a clear and broad distinction of the sense of touch 
into two departments, which seems to me to follow from Dr, 
Thomas Reid’s way of explaining the sense of touch, 
although he does vot himself distinctly formulate the dis- 
tinction Iam vow going to explain. 

The sense of touch, of which the organ commonly con- 
sidered is the hand, but which is possessed by the whole 
sensitive surface of the body, is very distinctly a double qual- 
ity. If I touch any object, I perceive a complication of 
sensations, I perceive a certain sense of roughness, but I also 
perceive a very distinct sensation which is not of rough- 
ness, or of smoothness, There are two sensations here, 
let us try to analyzethem, Let me dip my hand into this 
bowl of hot water. The moment I touch the water, I per- 
ceive a very distinct sensation, a sensation of heat. Is that 
a sensation of roughness, or of smoothness? No. Again, 
I dip my hand into this basin of iced water. I perceive a 
very distinct sensation. Is this a sensation of roughness, or of 
smoothness? No. Is this comparable with that former sensa- 
tion of heat? [say yes. Although it is opposite, it is com- 
parable with the sensation of heat. I am not going to say 
that we have two sensations in this department—a sensation 
of heat, and asensation of cold, I shall endeavor to'explain 





means of its fins, and buries itself therein so a8 to allow only | that the perceptions of heat and of cold are perceptions of 


the extreme upper parts of its body to project. 

agitates its tentacle, which serves it as a bait to attract fishes | 

that it afterward voraciously seizes 

transformations of the rays of the fins into tactile organs | 

may be recognized in different fishes captured by the Tal-| 

isman. Of these we must especially mention the Bathy- | 
rus. 

Among the most singular tactile organs that we have ob- 
served in fishes must be cited that of the Hustomias obscurua, 
which is situated immediately beneath the mouth. This 
new genus of fishes is shown in Fig. 5. Our first engraving 
represents the Neostoma batyphillum, found at a depth of 
2,220 meters. 

One of the very remarkable characters proper to fishes 
living at great depths in the enormous development of the 
mouth and stomach, Inthe Melanocetus and Chiasmodus 
the capacity of this organ is such that it is capable of con- 
taining prey whose bulk is double that of the body of the 
fish to which it belongs. As for the proportions assumed 
by the buccal cavity, the maximum development that they 
seem to be capable of acquiring is exhibited by the Hury- 


It incessantly | different degrees of one and the same quality, but that that 


quality is markedly different from the sense of roughness, 


Other very singular | Well, now, what is this sense of roughness? It will take me 
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some time toexplain it fully. I shall therefore say in advance! 


that it is a sense of force; and I shall tell you in advance, 
before [ justify completely what I have to say, that the 
six senses, regarding which I wish to give some explanation, 
are: the sense of sight, the sense of hearing, the sense of taste, 
the sense of smell, the sense of heat, and the sense of force. 
The sense of force is the sixth sense; or the senses of heat and 
of force are the sense of touch divided into two, to complete 
the census of six that I am endeavoring to demonstrate. 
Now, I have hinted ata possible seventh sense—a mag- 
netic sense—and though out of the line I propose to follow, 
and although time is precious, and does not — of much 
digression, I wish just to remove the idea that Iam in any 
way suggesting anything toward that wretched superstition 
of snimal magnetism, and table-turning, and spiritualism, 
and mesmerism, and clairvoyance, and spirit-rapping, of 
which we have heard somuch. There is no seventh sense 
of the mystic kind. Clairvoyance, and the like, are the re- 





pharynz pelecanoides 

One of the most interesting questions concerning the dis- 
tribution of fishes in the sea is that which relates to the max- 
imam depth at which these animals may be met with. Dur- 
ing the cruise of the Tailsman the fish taken at the greatest 
depth (4,255 meters) was the Bythytes crassus. During the 
expedition of the Challenger, a fish, the Bathyophis feroz, 
was captured at a depth of 5,019 meters.—H. Milhol, in La 
Nature. 


THE SIX GATEWAYS OF KNOWLEDGE.* 
By Prof. Str Wrii1aM THomson. 


I THANK you most warmly for the honor you have done me 
in electing me to be your president, I value the honor very 
high! ; but when [look at the list of the distinguished men 
who bave preceded me in the office, | feel alarmed at the 
responsibility I have undertaken. A very pleasing duty, 
however, bas been already performed in the interesting and 
not onerous function we have now gone through. I would 
gladly speak ov the several subjects, for merit in the study 
of which these prizes bave been awarded; but I am afraid 
that if I were to do so, it would be more for my own gratifica- 
tion than for your pleasure and profit, and I feel that I shall 
best consult your wishes in passing on at once to the sub- 
ject of the address which it becomes my duty to give. 

The title of the subject upon which I am going to speak 
this evening might be—if I were asked to give it a titlh— 
“* The Six Gateways of Knowledge.” I feel that the sub- 
ject I am about to bring before you is closely connected 
with the studies for which the several prizes have been given, 
The question I am going to ask you to think of is: What are 
the means by which the human mind acquires knowledge of 
external matter? 

Jobn Bunyan likens the human soul to a citadel on a hill, 
self-contained, having no means of communication with the 
outer world, except by five gates—Eye Gate, Ear Gate, Mouth 
Gate, Nose Gate, and Feel Gate. Bunyan clearly was in 
want of a word here. He uses ‘‘ feel ” in the sense of ‘‘ touch,” 
a designation which tothis day is so commonly used that I 
can scarcely accuse it of being incorrect. At the same time 
the more correct and distinct designation undoubtedly is, the 
sense of touch. The late Dr. George Wilson, first Professor 
of Techoology in the University of Edinburgh, gave, some- 
time before his death,a beautiful little book under the title of 
‘The Five Gateways of Knowledge,” in which he quotes 
Jobn Bunyan in the manner I have indicatedto you. But I 
have said siz gateways of knowledge,and I must endeavor to 
justify this saying. I am going totry to prove to you that 
we have six senses—that if we are to number the senses at 
all, we must make them six. 

only census of the senses, so faras I am aware, that 
ever made them more than five before was the Irishman’s 

* An address at the Midland Institute, Birmingham, October 8, 1883, 
by Prof. Sir William Thomson, LL.D., F.R.S., president. 





sult of bad observation chiefly, somewhat mixed up, how- 
/ever, with the effects of willful imposture, acting on an inno- 
| cent, trusting mind. But if there is not a distinct magnetic 
sense, I say it is a very great wonder that there is not. 
| Many present know all about magnetism, A very large 
| number of pupils have gained an immense amount of valua- 
ble knowledge in various subjects, from the classes car- 
ried on nightly within the walls of the Birmingham and 
Midland Institute; and I can see from the prizes that 
have been awarded, and that I have just now had the pleas- 
ure of distributing for excellence and proficiency ip this de- 
partment, that many have learned of magnetism. I had the 
»leasure of seeing the class-rooms this morning, and I wisbed 
; could be in them in the evening to see the studies as car- 
ried on in them every evening. Well, now, the study of 
magnetism is the study of a very recondite subject. e all 
know a little about the mariner’s compass, the needle point- 
ing to the north, and soon; but not many of us have gone 
far into the subject, and not many of us understand all the 
recent discoveries in electro-magnetism. I could wish, bad I 
theapparatus here, and if you would allow me, to show you 
an experiment in magnetism. If we had before us a power- 
ful magnet, or say the machine that is giving us this beautiful 
electric light by which the hall is illuminated, it, serving to 
excite an electro-magnet, would be one part of our apparatus; 
the other part would be a piece of copper. Suppose then we 
had this apparatus, I would show you a very wonderful dis- 
covery made by Faraday, and worked out admirably by 
Foucault, an excellent French experimenter. I have said 
that one part of this apparatus would be a piece of copper, 
but silver would answer as well. Probably no other metal 
than copper or silver—certainly no other one, of all the metals 
that are well known, and obtainable for ordinary experiments 
—possesses, and no other metal or substance, whether metal- 
lic or not, is known to . in anything like the same 
degree as copper and silver, the quality [am now going to 
call attention to. 

The quality I refer to is ‘‘ electric conductivity,” and the 
result of that quality in the experiment I am now going to 
describe is, that a piece of copper or a piece of silver, let fall 
between the poles of a magnet, will fall down slowly as if it 
were falling through mud. I take this body, and let it fall. 
Many of you here will be able to calculate what fraction of 
a second it takes to fall one foot. If I took this piece of 
of copper, placed it just above the space between the poles of 
a powerful electro-magnet and let it go, you would see it fall 
slowly down before you; it would perhaps take a quarter of 
a minute to fall a few inches, 

This experiment was carried out in a most powerful man- 
ner by Lord Lindsay (now Lord Crawford), assisted by Mr. 
Cromwell F. Varley. Both of those eminent men desired to 
investigate the phenomena of mesmerism, which bad been 
called animal magnetism ; and they ve pamper ae fone work 
to make a real ph experiment. They asked themselves, 
Is it conceivable that, if a piece of copper can scarcely move 
through the air between the poles of an electromagnet, a 
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reckoning of seven senses. I presume the Irishman’s seventh | human being or other living creature placed there would ex- 
sense was common sense; and I believe that the large pos-| perience no effect? 


Lord Lindsay got an enormous electro- 
magnet made, so large that the head of any person wishing 
to try the experiment could get well between the poles, in a 
region of excessively powerful magnetic force. What was 
the result of the experiment? If I were to say nothing, [ 
should do it scant justice. The result was marvelous, and 
the marvel isthat nothing was perceived. Your head, ina 
space through which a piece of copper falls as if through mud, 
yey nothing. I say this is a very great wonder; but 

do vot admit, I do not feel, that the investigation of the 
subject is completed. Icannot think that the quality of 
matter in space which produces such a prodigious effect 
upon a piece of metal can be absolutely without any—it is 
certainly not without any—effect whatever on the matter of 
a living body; and that it can be absolutely without any 
effect whatever per on the matter of a living body 
placed there seems to me not proved even yet, although notb- 
ing bas been found, It is so marvelous that there should be 
no effect at all, that I do believe and feel that the experiment 
is worth repeating; and that it is worth examining, whether 
or not an exceedingly powerful magnetic force has any 
yee tible effect upon a living vegetable or animal body. 

spoke then ofa seventh sense, I think it just possible that 
there may be a magnetic sense; I think it possible that an 
exceeding powerful magnetic effect may produce a sensa- 
tion that we cannot compare with heat or force or any other 
sensation. 

Another question that often occurs is: ‘Is there an elec- 
tric sense?” Has any human being a perception of electri- 
city in the air? Well, somewhat similar proposals for ex- 
periment might, perhaps, be made with reference to electri- 
city; but there are certain reasons, that would take too long 
for me to explain, that prevent me from placing the electric 
force at all in the same category with magnetic force. There 
would be a surface action that would annul practically the 
force in the interior, there would be a definite sensation 
which we could distinctly trace to the sense of touch, 

Any one putting his hand, or bis face, or his bair, in the 
neighborhood of an electric machine perceives a sensation, 
and on examining it he finds that there is a current of air 
blowing, and his hair is attracted; and if he puts his hand 
too near, he finds that there are sparks passing between his 
hand or face and the machine; so that, before we come to 
any subtle question of a possible sense of electric force, we 
have distinct mechanical agencies which give rise to senses 
of temperature and force; but that this mysterious, wonder- 
ful, magnetic force, due, as we know, to rotations of the 
molecules, could be absolutely without effect—without per- 
— effect—on animal economy seems a very wonder- 
ful result, and at all events it is a subject deserving careful 
investigation. I hope no one will think I am favoring the 
superstition of mesmerism in what I have said. 

intend to explain a little more fully our perceptions in 
connection with the double sense of touch—the sense of 
temperature and the sense of force—should time permit be- 
fore I conclude. But I must first say something of the other 
senses, because if I s too much about the senses of force 
and heat no time will be left for any of the others. 

Well, now, let us think what it is we perceive in the sense 
of hearing. Acoustics is one of the studies of the Birming- 
ham and Midland Institute, of which we have heard many 
times this evening. Acoustics is the science of hearing. 
And what is bearing? Hearing is perceiving something with 
the ear. What is it we perceive with the ear? It is some- 
thing we can also perceive without the ear; something that 
the greatest master of sound, in the poetic and artistic sense 
of the word at all events, that ever lived—Beethoven—for a 

reat part of his life could not perceive with bis ear at all. 

le was deaf for a great part of bis life, and during that 
peried were composed some of his grandest musical compo- 
sitions, and without the possibility of his evér hearing them 
by ear himself; for his hearing by ear was gone from him 
forever. But he used to stand with a stick pressed against 
the piano and touching his teeth, and thus he could bear the 
sounds that he called forth from the instrument. Hence, 
besides the Ear Gate of John Bunyan, there is another gate 
or access for the sense of hearing. 

What is it that you perceive ordinarily by the ear—that a 
healthy person, without the loss of any of his natural organs 
of sense, perceives with his ear, but which can otherwise be 

received, although not so satisfactorily or completely? It 
8 distinctly a sense of varying pressure. When the barom- 
eter rises, the pressure on the ear increases; when the barom- 
eter falls, that is an indication that the pressure on the ear 
is diminishing. 

Well, if the pressure of air were suddenly to increase and 
diminish, say in the course of a quarter of a minute—sup- 
pose in a quarter of a minute the barometer rose one-tenth of 
an inch and fell again, would you perceive anything? 1 
doubt it; I do not think you would. It the barometer were 
to rise two inches, or three inches, or four inches, in the 
course of half a minute, most people would perceive it. I 
say this as a result of observation, because people going 
down in a diving bell have exactly the same sensation as 
they would experience if from some unknown cause the 
barometer quickly, in the course of balf a minute, were to 
rise five or six inches—far above the greatest height it ever 
stands at in the open air. 

Well, now, we have a sense of barometric pressure, but 
we have not a continued indication that allows us to per- 
ceive the difference between the high and low barometer. 
People living at great altitudes—up several thousand feet 
above the level of the sea, where the barometer stands seve- 
ral inches lower than at sea-level—feel very much as they 
would do at the surface of the sea, so far as any sensation of 
pressure is concerned. Keen mountain air feels different 
from air in lower places, mag because it is colder and 
drier, but also because it is less dense, and you must breathe 
more of it to get the same eagen | of oxygen into your 
lungs to perform those functions which the students of the 
institute who study animal pbysiology—and I understand 
there are alarge number—will perfectly understand. The 
effect of the air ir the lungs—the function it performs—de- 
pends chiefly on the oxygen taken in. If the air has only 
three-quarters of the density it has in our ordinary atmo- 
sphere here, then one and one-third times as much must be 
inhaled, to produce the same oxidizing effect on the blood 
and the same general effect in the animal economy; and in 
that way undoubtedly mountain air has a very different ef- 
fect on living creatures from the air of the plains, This ef- 
fect is distinctly perceptible in its relation to healtb. 

But I am wandering from my subject, which is the con. 
sideration of the changes of pressure comparable with those 
that produce sound. A diving bell allows us to perceive a 
sudden increase of pressure, but not by the ordinary sense 
of touch. The band does not perceive the difference be- 
tween 15 Ib. per square inch pressing it all around and 17 
lb., or 18 Ib,, or 20 Ib., or even 30 lb. per square inch, as is 
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experienced when you go down in a diving bell. If you 
go down five and a half fathoms in a diving bell, your hand 
is pressed all round with « force of 30 lb. to the square inch; 
but yet you do not perceive any difference in the sense of 
force, any perception of pressure. 

What you do perceive is this: behind the tympanum is a 
certain cavity filled with air, and a greater pressure on one 
side of the tympanum than on the other gives rise to a pain- 
ful sensation, and sometimes produces rupture of it in a per- 
son going down in a diving bell suddenly. The remedy for 
the painful sensation thus experienced, or rather I should 
say its prevention, is to keep chewing a piece of hard biscuit 
or making believe to do so. If you are chewing a hard 
biscuit, the operation keeps open a certain passage, by which 
the air pressure gets access to the inside of the tympanum, 
and balances the outside pressure and thus prevents the pain- 
ful effect. This painful effect on the ear experienced by 
going down in a diving bell is simply because a certain piece 
of tissue is being pressed more on one side than on the other, 
and when we get such a tremendous force on a delicate thing 
like the tympanum, we may experience a great deal of pain, 
and it may be dangerous; indeed, it is dangerous, and pro- 
duces rupture or damage to the tympanum unless means be 
adopted for obviating the difference in the pressures; but the 
simple means I have indicated are, I believe, with all ordi- 
pary healthy persons, perfectly successful. 

I am afraid we are no nearer, however, to understanding 
what it is we perceive when we hear. To be short, it is sim- 
ply this: it is exceedingly sudden changes of pressure acting 
on the tympanum of the ear, through such a short time and 
with such moderate force as not to hurt it, but to give rise to 
a very distinct sensation, which is communicated through a 
train of bones to the auditory nerve. J must merely pass 
over this; the details are full of interest, but they would oc- 
cupy us far more than an hour if I entered upon them at all. 
As soon as we get to the nerves and the bones, we have gone 
beyond the subject I proposed to speak upon. My subject 
belongs to physical science—what is called in Scotland, 
Natural Philosophy. Physical science refers to dead matter, 
and I have gone beyond the range whenever I speak of a 
living body; but we must speak of a living body in dealing 
with the senses as the means or perceiving—as the means by 
which, in John Bunyan’s language,.the soul in its citadel 
acquires a knowledge of external matter. The physicist has 
to think of the organs of sense, merely as he thinks of the 
microscope; he has nothing to do with physiology. He has 
a great deal to do with his own eyes and hands, however, 
and must think of them if he would understand what he is 
doing, and wishes to get a reasonable view of the subject, 
whatever it may be, which is before him in his own de- 
partment. 

Now, what is the external object of this internal action of 
hearing and perceiving sound? The external object is a 
change of pressure of air. Well, how are ‘we to define a 
sound simply? It looks a little like a vicious circle, but in- 
deed it is not so, to say it is sound if we call it a sound—if 
we perceive it as sound, it # sound. Any change of pres- 
sure which is so sudden as to let us perceive it as sound isa 
sound. There [giving a sudden clap of the hands]—that isa 
sound. There is no question about it—nobody will ever ask, 
Is ita sound or not? It is sound if you hear it. If you do 
not hear it, it is not to youa sound, That isall I can say to 
define sound. To explain what it is, I can say, it is change 
of pressure, and it differs from a gradual change of pressure 
as seen on the barometer only in being more rapid, so rapid 
that we perceive it as a sound. If you could perceive by the 
ear that the barometer has fallen two-tenths of an inch to- 
day, that would be sound. But nobody hears by his ear that 
the barometer has fallen, and so he does not perceive the fall 
as asound. But the same difference of pressure coming on 
us suddenly—a fall of the barometer, if by any means it 
could happen, amounting to a tenth of an inch, and taking 
place in a thousandth of a second—would affect us quite 
like sound. A sudden rise of the barometer would produce 
a sound analogous to what happened when I clapped my 
hands. What is the difference between a noise and a musi- 
cal sound? Musical sound is a regular and periodic change 
of pressure. It is an alternate augmentation and dimunition 
of air pressure, occurring rapidly enough to be perceived as a 
sound, and taking place with perfect regularity, period after 

riod. Noises and musical sounds merge into one another. 

usical sounds have a possibility at least of sometimes end- 
ing in a noise, or tending too much to a noise, to altogether 
please a fastidious musical ear. All roughness, irregular- 
ity, want of regular, smooth periodicity, has the effect of 
playing out of tune, or of music that is so complicated that 
it is impossible to say whether it is in tune or not, 

But now, with reference to this sense of sound, there is 
something I should like to say as to the practical lesson to be 
drawn from the great mathematical treatises which were 
placed before the British Association, in the addresses of its 
president, Prof. Cayley, and of the president of the mathe- 
matical and physical section, Prof. Henrici. Both of these 
professors dwelt on the importance of graphical illustration, 
and one graphical illustration of Prof. Cayley’s address may 
be adduced in respect of this very quality of sound. In the 
language of mathematics we have just ‘‘one independent 
variable” to deal with in sound, and that is air pressure. 
We have not a complication of motions in various directions. 
We have not the complication that we shall have to think of 
presently, in connection with the sense of force, complica- 
tion as to the place of application and the direction of the 
force. We have not the infinite complications we have in 
some of the other senses, notably smel! and taste. We have 
distinctly only one thing to consider, and that is air pressure 
or the variation of air pressure. Now, when we have one 
thing that varies, that, in the language of mathematics, is 
“one independent variable.” Do not imagine that mathe- 
matics is harsh, and crabbed, and repulsive to common sense, 
It is merely the etherealization of common sense. The func- 
tion of one independent variable that you have here to deul 
with is the pressure of air on the tympanum. Well, now, in 
a thousand counting houses and business houses in Birming- 
ham, and London, and Glasgow, and Manchester, a curve, 
as Prof. Cayley pointed out, is regularly used to show to the 
eve a function of one independent variable. The function 
of one independent variable most important in Liverpool 
perhaps may be the price of cotton. A curve showing the 
price of cotton, rising when the price of cotton is high, and 
sinking when the price of cotton is low, shows a@!l the com- 
plicated changes of that independent vari 
And so in the Registrar-General’s tables of 
curves showing the number of deaths from 
painful history of an epidemic, shown if @ 
the long. gradual talus in a falling be 
the epidemic is overcome, and the 
again approached. All that is 
the most beautiful results of 
showing to the eye the law of 
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ed, of one independent variable. But now for what really 
to me seems a marvel of marvels: think what a complicated 
thing is the result of an orchestra playing—a bundred instru- 
ments and two hundred voices singing in chorus accompa- 
nied by the orchestra. Think of the condition of the air, how 
it is lacerated sometimes in a complicated effect. Think of 
the smooth, gradual increase and diminution of pressure— 
smooth and gradual, though taking place several hundred 
times in a second—when a piece of beautiful harmony is 
heard! Whether, however, it be the single note of the most 
delicate sound of a flute, or the purest piece of harmony of 
two voices singing perfectly in tune; or whether it be the 
crash of an orchesta, and the high notes, sometimes even 
screechings and tearings of the air, which you may hear flut- 
tering above the sound of the chorus—think of all that, and 
yet that is not too complicated to be represented by Prof. 
Cayley, with a piece of chalk in his hand, drawing on the 
blackboard a single line. A single curve, drawn in the man- 
ner of the curve of prices of cotton, describes all that the 
ear can possibly hear, as the result of the most complicated 
musical performance. How is ‘one sound more complicated 
than another? It is simply that in the complicated sound 
the variations of our one independent variable, pressure of 
air, are more abrupt, more sudden, less smooth, and less dis- 
tinctly periodic, than they are in the softer, and purer, and 
simpler sound. But the superposition of the different effects 
is really a marvel of marvels; and to think that all the differ- 
ent effects of all the different instruments can be so repre- 
sented! Think of itin this way. I suppose everybod 
present knows what a musical score is; you know, at all 
events, what the notes of a hymn tune look like, and can un- 
derstand the like for a chorus of voices and accompanying 
orchestra—a “score” of a whole page with a line for each in- 
strument, and with perhaps four different lines for four voice 
parts. Think of how much you have to put down ona page 
of manuscript or print, to show what the different perform- 
ers are todo. Think, too, how much more there is to be 
done than anything the composer cau put on the page. 
Think of the expression which each player is able to give, 
and of the difference between a great player on the violin 
and a person who simply grinds successfully through bis part; 
think, too, of the difference in singing, and of all the ex- 
pression put into a note or a sequence of notes in singing 
that cannot be written down. There is, on the written or 
printed page, a little wedge showing a diminuendo, and a 
wedge turned the other way showing a crescendo, and that 
is all the musician can put on paper to mark the difference 
of expression which is to be given. Well, now, all that can 
be represented by a whole page or two pages of orchestral 
score, as the specification of the sound to be produced in say 
ten seconds of time is shown to the eye with perfect clear- 
ness by a single curve on a ribbon of paper a hundred inches 
long. That to 7 is wonderful proof of the potency 
of mathematics. Do not let any student in this institute be 
deterred fora moment from the pursuit of mathematical 
studies by thinking that the great mathematicians get into 
the realm of four dimensions, where you cannot follow 
them. Take what Prof. Cayley himself in his admirable ad- 
dress, which I have already referred to, told us of the beau- 
tiful and splendid power of mathematics for etherealizing 
and illustrating common sense, and you need not be disheart- 
ened in your studies of mathematics, but may rather be re- 
invigorated when you think of the power which mathema- 
ticians, devoting their whole livesto the study of mathe- 
matics, have succeeded in giving to that weavelees science, 
The sense of sight may be compared to the sense of sound 
in this respect. I spoke of the sense of sound being caused 
by rapid variations of pressure. I had _ better particularize, 
and say bow rapid must be the alterations from greatest pres- 
sure to least, and back to greatest, and how frequently must 
that period occur, to give us the sound of a musical note. If 
the barometer varies once a minute, you would not perceive 
that as a musical note. But suppose by any mechanical 
action in the air, you could cause the barometric pressure 
—the air pressure—to vary much more rapidly. That change 
of pressure which the barometer is not quick enough to 
show to the eye, the ear hears as a musical sound if the 
period recurs twenty times per second. If it recurs twenty, 
thirty, forty, or fifty times per second, you hear a low note. 
If the period is gradually accelerated, you hear the low note 
gradually rising, becoming higher and higher, more and 
more acute, and if it gets up to 256 periods per second, we 
have a certain note called C in the ordinary musical notation. 
I believe I describe it correctly as the low note C of the 
tenor voice—the gravest C that can be made by a flute. The 
note of a two-foot organ pipe open at-both ends has 256 
periods per second. Go on higher and higher to 512 periods 
per second, and you have the C above that—the chief C of 
the soprano voice. Go above that to 1,024, you get an octave 
higher. You getan octave higher always by doubling the 
number of vibrations per second, and if you go on till you 
get up to about 5,000 or 6,000 or-10,000 periods per second, the 
note becomes so sbrill that it ceases to excite the human ear, 
and you do not hear it any longer. The highest note that 
can be perceived by the human ear seems to be something 


because there is no very definite limit. Some ears cease to 
hear a note becoming sbhriller and shriller before otber ears 
cease 10 bear it; and therefore I can only say in a very 
general way, that something like 10,000 periods per second 
is about the shrillest note the human ear is adapted to hear. 
We °° 4 define musical notes, therefore, as changes of pres- 
sure of the air, regularly alternating in periods which lie 
between 20 and 10,000 per second. 

Well, now, are there vibrations of thirty or forty or fifty 
or a bundred thousand or a million of periods per second in 
air, in elastic solids, or in any matter affecting our sense ? 
We have no evidence of the existence in matter of vibrations 
of very much greater frequency than 10,000 or 20,000 or 
30,000 per second, but we have no reason to deny the possi- 
bility of such vibrations existing, and having a large func- 
tion to perform in nature. But when we get tosome degree 
of frequency that I cannot put figures upon, to something 
that may be measured in millions,if not in hundreds of thou- 
sands of vibrations per second, we have not merely passed 
the limits of the human ear to hear, but we have the 
limits of matter, as known to us, to vibrate. ibrations 
transmitted as waves through steel, or air, or water, cannot 
be more frequent than a certain number, which T cannot 
now put a figure to, but which, I say. may be reckoned in 
second, 

But now let us think of light. Light we know to be an 
influence on the retina of the eye, and through the retina on 
the optic nerve; an infl dependent on vibrations whose 
frequency is something between 400'million millions per sec- 
ond and 800 million millions per second. Now, we bave a vast 
gap between 400 per second, the sound of a rather high ten- 
or voice, and 400 million millions per second, the number of 
vibrations corresponding to dull red light—the gravest red 








like 10,000 periods per second. I say, “something like,” | 


light of the prismatic spectrum. Take the middle of the 
spectrum—yellow light—the period of the vibrations there 
isin round numbers 500 million millons per second, In 
violet light we have 800 million millions per second. Be- 
yond that we have something that the eye oy —- 
—does not perceive at all perbaps—but which lieve it 
does perceive, though not vividly; we have the ultra-violet 
rays, known to us chiefly by their oo effect, but 
known also by many other wonderful experiments, that 
within the last thirty years have enlarged our knowledge of 
light to a most marvelous degree. We have invisible rays 
of light made visible by letting them fall on a certain kind 
of glass, glass tinged with uranium—that yellowish green 
rlass, sometimes called canary glass or chameleon glass. 
Geonboan glass has a property rendering visible to us invisi- 
ble rays. You ay hold apiece of uranium glass in your 
hand, illuminated by this electric light, or by a candle, or 
by gas light, or bold it in the prismatic spectrum of white 
light, and you see it glowing according to the color of the 
light which falls npon it; but place it in the spectrum be- 
yond the visible violet end, where without it you see no- 
thing, where a piece of chalk held up seems quite dark, and 
the uranium glass glows with a mysterious altered color of 
a beautiful tint, revealing the presence of invisible rays, by 
converting them into rays of lower period, and so rendering 
them visible to the eye. The discovery of this property of 
uranium glass was made by Prof. Stokes, and the name of 
fluorescence, from fluor spar, which he found to have the 
property, was given to it. It hassince been discovered that 
fluorescence and phosphorescence are continuous, being ex- 
tremes of the same phenomenon, I suppose most persons 
here present know the luminous paint made from sulphides 
of calcium and other materials, which, after being steeped 
in light for a certain time, keep on for hours giving out light 
inthe darkness. Persistence in emission of light after the 
removal of the source, which is the characteristic of those 

hosphorescent objects, is manifested also, as Edmund 
Seomieeth has proved by the uranium glass, and thus Stokes’ 
discovery of fluorescence comes to be contipuous with the 
old known phenomenon of phosphorescence, to which at- 
tention seems to have been first called scientifically by Rob- 
ert Boyle about 200 years ago. 

There are other rays, that we do not perceive in any of 
these ways, but that we do perceive by our sense of heat: 
heat rays, as they are commonly called. But in truth all 
rays that we call light have rong * effect. Radiant heat 
and light are one and indivisible. There are not two things, 
radiant beat and light: radiant heat is identical with light. 
Take a black hot kettle into a dark room, and look at it. 
You do not see it. Hold your face or your hand near it, and 
you perceive it by what Bunyan would have called Feel 
Gate; only now we apply the word feeling to other senses as 
wellas Touch, You perceive it before you touch it, You 
perceive it with the back of your hand, or the front of your 
hand; you perceive it with your face, yes, and with your 
eye, but you do not see it, Well, now, must I justify the 
assertion that it is not light ? You say itis not light, and 
it is not so to you, if youdo not see it. There has been a 
good deal of logic-chopping about the words here; we seem 
to define in a vicious circle. We may begin by defining 
light—** It is light if you see it as light; it is not light if you 
do not see it.” To save circumlocution, we shall take things 
in that way. Radiant heat is lightif we see it, it is not 
light if we do not see it. It is not that there are two things; 
it is that radiant heat bas differences of quality, There are 
qualities of radiant beat that we can see, and if we see them 
we call them light; there are qualities of radiant heat we 
cannot see, and if we cannot see them we do not call them 
light, but still call them radiant heat; and that on the whole 
seems to me to be the best logic for this subject. 

By the bye, I don’t see Logic among the studies of the 
Birmingham and Midland Institute. gic is to lunguage 
and grammar what mathematics is to common sense; logic is 
etherealized grammar. I hope the advanced student in 
grammar and Latin and Greek, who needs logic perhaps as 
much as, perhaps more than, most students of science and 
modern languages, will advance to logic, aud consider logic 
as the science of using words, to lead him to know exactly 
what he means by them when he uses them, More ships 
have been wrecked through bad logic than by bad seaman- 
ship. When the captain writes down in his log—I don’t 
mean a pun here, log has nothing to do with logic—the sbip’s 
place is so-and-so, he means that it is the most probable po- 
sition—the position which, according to previous observa- 
tions, he thinks is the most probable. After that, supposing 
no sights of sun or stars or land to be had, careful observa- 
tion of speed and direction shows, by a simple reckoning 
(called technically the dead reckoning), where the ship is 
next Gay. But sailors too often forget that what ra fee 
down in the log was not the ship’s place, but what to their then 
knowledge was the most probable position of the ship, and 
they keep running on as if it was the true position, They 
forget the meaning of the very words in which they have 
made their entry in the log, and through that bad logic more 
| ships have been run on the rocks than by any other careless- 
ness or bad seamanship. It is bad logic that leads to trust- 
ing to the dead reckoning, in running a course at sea; and 
| it f. that bad logic which is the cause of those terribly fre- 
| quent wrecks; of steamers, otherwise well conducted, in 
cloudy but perfectly fine weather, running on rocks at the 
end of along voyage. Toenuble you to understand precise- 
ly the meaning of your result when you make a note of any- 
thing about your own experience or experimevts, and to 
understand precisely the meaning of what you write down, 
is the province of logic, To arrange your record in such a 
| manner thatif you look at it afterward it will tell you what 
it is worth, and neither more nor Jess, is practical logic; and 
if you exercise that practical logic, you will find benefits that 
are too obvious if you only think of any scientific or practi- 
cal subject with which you are familiar. 

There is danger then of a bad use of words, and hence of 
bad reasoning upon them, in speaking of light and radiant 
heat; but if we distinctly define light as that which we con- 
sciously perceive as ligit—without attempting Lo define con- 
sciousness, because we cannot define consciousness any 
more than we can define free will—we shall be safe. 

There is no question that you see the thing; if you see it, 
it is light. Wall, now, when is radiant heat, light? Radiant 
heat is light when its frequency of vibration is between 400 
million millions per second and 800 million millions per 
second. When its frequency is less than 400 million millions 

r second it is not light; it is invisible “‘ infra-red” radiant 

eat. When its frequency is more than 800 million milhons 
per second, it is not ligbt if we cannot see it; it is invisible 
ultra-violet radiation, truly radiant heat, but it is not 80 
commonly called radiant heat because its heating effect is 
known rather theoretically than by sensory rucrenn, or 
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and we may hope to be brought considerably lower still by 
future observation. We know at present in all about four 
octaves—-that is, from one to two, two to four, four to eight, 
eight te sixteen, hundred million millions—of radiant beat. 
One octave of radiant heat is perceptible to the eye as light, 
the octave from 400 million millions to 800 million millions, 
I borrow the word octave from music, not in any mystic 
sense, nor as indicating any relation between harmony of 
colors and harmony of sound. No relation exists between 
harmony of sound and harmony of colors. I merely use 
the word octave as a brief expression for any range of 
frequencies lying within the ratio of one to two. If you 
double the frequency of a musical note, you raise it an 
octave; in that sense I used the word for the moment in re- 
spect to light, and in no other sense. Well, now, think what 
a tremendous chasm there is between the 100 million millions 
per second, which is about the gravest hitherto discovered 
note of invisible radiant heat, and the 10,000 per second, the 
greatest number of vibrations in sound. This is an unknown 
province of science; the investigation of vibrations be- 
tween those two limits is perhaps one of the most promising 
provinces of science for the future investigator. 

In conclusion, I wish to bring before you the idea that all 
the senses are related to force. The sense of sound, we have 
seen, is merely a sense of very rapid changes of air pressure 
(which is force) on the drum of the ear. I have passed merely 
by name over the senses of taste and smell. I may say they 
are chemical senses. Taste common salt and taste sugar— 
you tell in a moment the difference. The perception of that 
difference is a perception of chemical quality. Well, there 
is a subtle molecular influence here, due tothe touch of the 
object on the tongue or the palate, and producing a sensa- 
tion which is a very different thing from the ordinarily 
reckoned sense of touch, in the case now considered, telling 
only of roughness and of temperature. The most subtle 
of our senses perhaps is sight; next come smell and taste. 
Prof. Stokes recently told me that he would rather look 
upon taste and smell and sight as being continuous because 
they are all molecular—they all deal with properties of mat- 
ter, not in the gross, but molecular actions of matter; he 
would rather group those three together than he would cou 
ple any of them with any of the other senses. Itis not ne 
cessury, however, for us to reduce all the six senses to one, 
but I would just point out that they are all related to force 
Chemical action is a force, tearing molecules apart, throwing 
or pushing them together; and our chemical sense or senses 
may therefore so far at least be regarded as concerned with 
force. That the senses of smell and taste are related to one 
another seems obvious; and if physiologists would pardon 
me, I would suggest that they may, without impropriety, 
be regarded as extremes of one sense. This at all events can 
be said of them, they can be compared—which cannot be said 
of any other two senses. You cannot say that the shape of 
a cube, or the roughness of a piece of loaf sugar or sand- 
stone, is comparable with the temperature of hot water, or 
is like the sound of a trumpet, or that the sound of a trum- 

et is like scarlet, or like a rocket, or likea blue light signal. 
There is no comparability between any of these perceptions. 


But ifany one says, ‘‘ That piece of cinnamon tastes like its | 


smell,” I think he will express something of general experi- 
ence, The sme!l and taste of pepper, nutmeg, cloves, cinna- 
mon, vanilla, apples, strawberries, and other articles of food, 
particularly spices and fruits, have very marked qualities, in 
which the taste and the smell seen essentially comparable. 
It does seem to me, although anatomists distinguish be- 
tween them, because the sensory organs concerned are differ- 
ent and because they have not discovered a continuity be- 
tween these organs, we should not be philosophically wrong 
in saving that smell and taste are extremes of one sense— 
one kind of perceptivity—a sense of chemical quality ma- 
terially presented to us. 

Now, sense of light and sense of heat are very different ; 
but we cannot define the difference. You perceive the heat 
of a hot kettle—how ? By its radiant heat, against the face 
—that is one way. But there is another way, not by radiant 
heat, of which I shall speak later. You perceive by vision, 
but still in virtue of radiant heat, a hot body, if illuminatad 
by light, or if hot enough to be self-luminous, red-hot or 
white-hot, you see it; you can both see a hot body, and per- 
ceive it by its heat, otherwise than by seeing it. Take a 
piece of red-hot cinder with the tongs, or a red-hot poker, 
and study it; carry it into a dark room, and look at it. You 
see it for acertain time; after a certain time you cease to see 
it, but you still perceive radiant heat from it. Well, now, 
there is radiant heat perceived by the eye and the face and 
the hands all the time; but it is perceived only by the sense 
of temperature, when the hot body ceases to be red-hot. 
There is then, to our senses, an absolute distinction in modes 
of perception between that which is continuous in the exter- 
nal nature of the thing, namely, radiant heat in its visible 
and invisible varieties. It operates upon our senses in a way 
that I cannot ask anatomists to admit to be one and the same 
in both cases. They cannot now, at all events, say that 
there is an absolute continuity between the retina of the eve 
in its perception of radiant heat as light, and the skin of the 
hand in its perception of radiant heat as heat. We may 
come to know more; it may yet appear that there is a con- 
tinuity. Some of Darwin's sublime speculations may be- 
come realities to us; and we may come to recognize a culti- 
vable retina all over the body. We have not done that yet, 
but Darwin’s grand idea occurs as suggesting that there 
may be an absolute continuity between the perception of 
radiant heat by the retina of the cye and its perception by 
the tissues and nerves concerned in the mere sense of heat. 
We must be content in the mean time, however,:to make a 
distinction between the senses of light and heat. And in- 
deed it must be remarked that our sense of beat is not ex- 
cited by radiant heat only, while it is only and essentially 
radiant heat that gives to the retina the sense of light. Hold 
your band under a red-hot poker in a dark room; you per- 
ceive it to be hot solely by its radiant heat, and you sce it 
also by its radiant heat. Now place the hand over it; you 
feel more of the heat. Now, in fact, you perceive its heat 
in three ways—by contact with the heated air which has as- 
cended from the poker, and by radiant heat felt by your 
sense of heat, and by radiant heat seen as light (the iron 
being still red-hot). But the sense of heat is the same 
throughout, and is a certain effect experienced by the tissue, 


whether it be caused by radiant heat or by contact with | 


heated particles of the air. 


radiant heat take us down about three octaves below violet, 
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| theory in 1880. I had quoted Dr, Thomas Reid, without 
giving a date; his date chances to be 1780 or thereabouts. 
| But physiologists have very strenuously resisted admitting 
| that the sense of roughness is the same as that muscular 
| sense which the metaphysicians who followed Dr. Thomas 
| Reid in the University of Glasgow taught. It was in the 
| University of Glasgow that I learned the muscular sense, 
jand I have not seen it very distinctly stated elsewhere. 
| What is this “‘ muscular sense”? I press upon the desk be- 
fore me with my right hand, or I walk forward holding out 
| my band in the dark, and using this means to feel my way, 
as a blind man does constantly who finds where he is, and 
guides himself, by the sense of touch. I walk on until I 
| perceive an obstruction by a sense of force in the palm of 
|the hand. How and where dol perceive this sensation ? 
| Anatomists will tell you it is felt in the muscles of the arm. 
| Here, then, is a force which I perceive in the muscles of the 
| arm, and the corresponding perceptivity is properly enough 
| called a muscular sense. ut now take the tip of your fin- 
ger and rub a piece of sandstone, or a piece of loaf sugar, or 
}a smooth table. Take a piece of loaf sugar between your 
| finger and thumb, and take a smooth glass between your 
| finger and thumb. You perceive a difference. What is that 
difference ? It is the sense of roughness and smoothness. 
| Physiologists and anatomists have used the word “tactile” 
| sense to designate it. I confess that this does not convey 
much tomy mind, ‘ Tactile” is merely ‘‘of or belonging 
to touch,” and in saying we perceive roughness and smooth- 
ness by a tactile sense, we are where we were. We are not 
enlightened by being told that there is a tactile sense as a 
department of our sense of touch. But I say the thing 
thought of is a sense of force. We cannot away with it; it 
is a sense of forces, of directions of forces, and of places of 
application of forces. If the places of application of the 
forces are the palms of the two hands, we perceive according- 
ly, and know that we perceive, in the muscles of the arms, 
effects of large pressures on the palms of the hands. But if 
| the places of application are a hundred little areas on one 
| finger, we still perceive the effect as force. We distinguish 
| between a uniformly distributed force like the force of a 
piece of smooth glass and forces distributed over ten or a 
hundred little areas. And this is the sense of smoothness 
}and roughness. The sense of roughness is therefore a sense 
| of forces, and of places of application of forces, just as the 
| sense of forces in your two hands streched out is the sense of 
forces in places at a distance of six feet apart. Whether 
the places be at a distance of six feet or ata distance of one 
| hundredth of an inch, it is the sense of forces, and of places 
of application of forces, and of directions of forces, that we 
deal with in the sense of touch other than beat. Now, ana- 
| tomists and physiologists have a good right to distinguish 
between the kind of excitement of tissue in the finger and 
the minute nerves of the skin and sub-skin of the finger, by 
which you perceive roughness and smoothness, in the one 
| case, and of the muscles by which you perceive places of 
application very distant, in the other. But whether the 
forces be so near that anatomists cannot distinguish muscles, 
| cannot point out muscles, resisting forces and balancing 
| them—hbecause, remember, when you take a piece of glass 
in your fingers every bit of pressure at every ten-thousandth 
of an inch pressed by the glass against the finger is a balanced 
| force—or whether they be far asunder and obviously ba- 
lanced by the muscles of the two arms, the thing per- 
ceived is the same in kind. Anatomists do not show us 
muscles balancing the individual forces experienced by the 
small areas of the finger itself, when we touch a piece of 
| smooth glass, or the individual force in the scores of bun- 
| dreds of little areas experienced when we touch a piece of 
rough sugar or rough sandstone; and perhaps it is not by 
muscles smaller than the muscles of the fingers as a whole 
that the multitudinousness is dealt with; or perhaps, on 
|the other hand, these nerves and tissues are continuous 
in theit qualities with muscles. I go-beyond the range 
of my subject whenever I speak of muscles and nerves; 
but externally the sense of touch other than heat is the 
same in all cases—it is the seuse of forces and of places 
of application of forces and of directions of forces. I 





hope now I have justified the sixth sense; and that you | 


| will excuse me for having taxed your patience so long in 
| not having done it in fewer words, 


TWO USEFUL PROBLEMS. 


To the Hditor of the Scientific American: 
I inclose a very. neat problem in plane geometry. Ifany 
| one has ever seen it in any published work, I would like to 
know it, 
Problem: To inscribe a regular polygon of any number of 
sides in any circle. 


Take any circle, with diameter, AB. Let the number of 
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sides be five. Divide AB into five equal parts. To do 
this draw any line AE, and upon it lay off five ony parts 
from a convenient scale (in the figure I made each § of an 
inch), join E with Band draw lines from the divisions in 
EA parallel to EB. Their intersections with AB will give 
the required divisions of that line by the principle of similar 
triangles. 

Now, with A asa center, and a radins AB, describe arcs 
at DandC. With B asacenter, and same radius, describe 
ares cutting the former at ’.. From D draw lines 
through the divisions in AB to the circumference of the 
circle, and do the same from C. The 10 points so found 
will be the vertices of a polygon of 10 sides. Joining the 
alternate points, and we have a polygon of five sides. 
| The great advantage of this method is that it works equally 


Lastly, there remains--and I am afraid I have already | well for any number of sides from 8 to infinity or to the 


taxed your patience too long—the sense of force. 
been vebemently attacked for asserting this sixth sense. 
need not go into the controversy; I need not explain to you 
the ground on which I have been attacked; I could not, in 


fact, because in reading the attack I have not been able to 


understand it myself. The only tangible ground of attack, 


I have | practical limits of drawing. 


I| 


The following very useful device is submitted for the 
| benefit of mechanics who wish to cut out metal rollers in the 
| flat material. The rule is, in general, to take a breadth of 
| metal equal to 3°1 times the required diameter. This is 
defective. The following simple diagram can be readily 


perhaps, was that a writer in New York published this! constructed and used by any mechanic: 


Cut out, as perfectly as possible, a circle of metal. Care- 
fully roll this out on a straight line, as BC: then BC wili 
equal the circumference. Construct a right angled triangle, as 
in the figure, making BA exactly pido, to the diameter of 
the circle, (It is well to make this first diameter an even 
number, as 10inches,) Then divide the line BA into equal 
parts and fractions of a part, and draw the parallel lines 1a, 
2b, etc. Ifa roller be desired of a certain diameter, go to 
your scale, look for the diameter in the line BA, and 
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measure the corresponding line parallel to the base. For 
example. if you wantaroller with diameter of 3 in., take 
the line 8¢, it will be the circumference required. Such a 
scale can readily be constructed of =| desired size and 
upon any material,and hung upon the wall for easy reference. 
Capt. R. Ketso CARTER, 
+ - Higher Math,, P. M. A. 
Pa. Mil. Academy, Chester, Dec. 5, 1883. 


A CATALOGUE containing brief notices of many importanc 
scientific papers heretofore published inv the SUPPLEMENT, 


may be had gratis at this office. 





TEBE 


Scientific American Supplement. 


Terms of Subscription, $5 a Year. 


Sent by mail, postage prepaid, to subscribers in any part of 
the United States or Canada. Six dollars a year, sent, pre- 
paid, to any foreign country. 


All the back numbers of THE SuprLement, from the 
commencement, January 1, 1876, can be had. Price, 10 
cents each, 


All the back volumes of THE SuPPLEMENT can likewise 
be supplied. Two volumes are issued yearly. Price of 
each volume, $2.50, stitched in paper, or $3.50, bound in 
stiff covers. 


Comprnep Rates —One copy of ScrentrFic AMERICAN 
and one copy of ScrentiFic AMERICAN SUPPLEMENT, one 
year, postpaid, $7.00. 

A liberal discount to booksellers, news agents. and can- 


vassers, 
MUNN & CO., Publishers, 
861 Broadway, New York, N. Y. 


TABLE OF CONTEN'Is. 
PAGE 


L. ENGINEERING AND MECHANICS.—Bange’s Artillery System.-- 
| Siege and fortress guns.—8 engravings. 
Planetary Wheel Trains.—Action of curious combinations of 
wheels, and ormule or equations for the same.—With 13 figures... 6968 
Single Spindle Profiling Machine.— With engraving 6968 
Proposed Suez Ship Railway.—With full page of engravings 
Auber’s Tubular Boiler with Movable Fire-box.—1 engraving. ... 6972 
Submarine Explorations.—Apparatus used on the Talisman for 
collecting water at different depths.—Electric light in the sea,— 
Effect of the pressure of the water at great depths.—Deep sea and 
surface fishes taken by the Tulisman 


. TECHNOLOGY.—Notes on Pharmaceutical Apparatus.—Paper 
read by CHAS. SYMES at a meeting of the Liverpool Chemists’ As- 
sociation.—With 3 engravings , 

Amalgam Retort and Condenser.—With engraving 
Lawrence's Capillary Coolers.—3 figures. 


Ill. ELECTRIC(TY.—The Play of the Needle.—With 1 figure 
The Great Discoveries in Electricity 
History of the Electric Telegraph.—_How Morse first thought of 
the telegraph.—Description of Morse’s different apparatus.—With 
five engravings and diagram showing specimen of writing of 
Morse’s first telegraph 
The Drawbaugh Telephones.—With full description and ten fig- 


| 


The Source of Atmospheric Electricity —Hypotheses of different 
scientists.—By Prof. Tarr 


{V. ASTRONOMY.—Prof. HEYER on Comets.—A letter to the Editor, 6971 


V. PHYSIOLOGY, ETC.—The Six Gateways of Knowledge.—By Prof. 
Sir Wu. THOMSON.—Treating of the senses, mannerin which they 
are affected, etc.—A sixth sense 


VIL. MISCELLANBEOUS.—How to Make an Incubator.—Directions.— 


Two Useful G 


PATENTS. 


In connection with the Selentifie American, Messrs Muxy & Co, 
are Solicitors of American and Foreig ts, have had 39 years’ experi- 
ence, and now have the largest esta’ ie: in the world. Patents are 
¢ American of a!) Inven- 


| obtained on the best terms. 
the name and residence of the 


| A special notice is made in the © 
tions patented through this Agen 
Jane given, public attention is di- 
and sales or introduction often 











Patentee. By the immense circ 
| rected to the merits of the ne 
easily effected. 

Any person who has made 
free of charge, whether a p 
Munn & Co. 

We also send free our Hat Book about the Patent Laws, Patents, 
Caveats. Trade Marks, their .9sts. an‘l how procared. Address 

MUNN & CO.. 36} Broadway, New York. 
Branch Office, cor. F and 7th Sts., Washington, D. C, 


iscovery or invention can ascertain. 
ae . probably be obtained, by writing to 








